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EXECUTIVE SUMMARY... ... .

When an airport experiences low ceiling or visibility conditions the arrival capacity of the
airport is significantly reduced. This is particularly true at airports that use their main
runway and a crosswind runway in visual meteorological conditions (VMC). For these
airports the capacity is effectively reduced to that of a single runway operation. [tne
consequence of this is an increase in delays.

In 1986, the Federal Aviation Administration (FAA) issued an order (FAA Order 7110.98)
that instituted simultaneous converging instrument approaches (SCIAs). That order allows
airports with converging runways to conduct operations to both runways under certain
ceiling and visibility conditions that are less than VMC. However, because the procedure
provides for the safety of the simultaneous operations with turning missed approaches, the
minima tend to be quite high because the protection areas cannot overlap. The order also
limits the operations to a minimum of 700 feet ceiling or 2 mile visibility for intersecting
runway geometries. To date only four airports (Philadelphia, Dallas-Ft. Worth, Denver, and
Washington Dulles) have utilized the provision of this order to reduce the minima to which
they may use their converging or intersecting runways.

In the late 1980s another concept for conducting approaches to converging runways was
proposed. In its final version, this procedure called for coordinating the approaches to the
two runways such that a stagger between the aircraft 1 is maintained. This stagger would
insure that if both aircraft had to miss their approaches, separation between them would be
guaranteed even at the intersection of their flight paths. This procedure, which is named the
dependent converging instrument approach (DCIA), is predicated on protecting against
consecutive straight-out missed approaches, and the minimum required stagger distance is set
accordingly.

Experience in the laboratory has shown that setting up and maintaining such a stagger is a
skill that is difficult for controllers to aply consistently. Therefore an automation aid to
assist controllers in achieving the required stagger has been proposed. This aid has become
known as the converging runway display aid (CRDA). The aid can be described with
reference to figure ES-I. For every aircraft A on approach to one runway (Ri) there is a

IA stagger between aircraft is the difference between the distance of one aircraft to the
runway centerline intersection point and the distance of the other aircraft to the runway
centerline intersection point.
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ghost target GA displayed along the other approach path (P2) for converging runway R2
such that the distances of the ghost target GA and the real target A from the point of
intersection of the two runways or their extended centerlines are equal. The position of the
ghost target is updated every radar scan along with the update of the real target. Aircraft B is
the trailing aircraft on the converging approach. The controller is required to establish a
spacing between the ghost target GA and aircraft B. The vectoring of an aircraft to follow
another target on a radar scope is a controller skill that is highly developed.

PURPOSE

The purpose of this paper is to develop a DCIA procedure applicable to as many runway
geometries as possible within certain defined constraints. The procedure is defined and
modeled to capture its safety-critical aspects. From this analysis recommendations are made
concerning the stagger values and other factors relevant to applying this procedure safely to a
wide variety of runway geometries.

This paper discusses the procedural and safety aspects of the DCIA procedure rather than
issues pertaining to automating the CRDA. The analysis presented in this paper deals with
the DCIA procedure as it applies to any runway configuration. Worst-case considerations
are used as the basis of this general analysis. Finally, some specific examples are provided
to illustrate the point that even though an airport could benefit from the general DCIA
procedure a more specific analysis leading to a specific DCIA procedure for that airport
might provide even greater benefit.

ATC BASIS OF THE DEPENDENT CONVERGING INSTRUMENT APPROACH
PROCEDURE

The basic principle behind DCIAs is to coordinate arrivals on converging approaches such
that the two aircraft may approach the runways with adequate stagger. In the unlikely event
that the aircraft on the two approaches should both conduct missed approaches, the stagger
provided on approach is designed to be such as to guarantee that the aircraft will be separated
during their missed approaches without requiring any further intervention by the controller.
The procedure thus guarantees safe passage even in the event of radio and radar failure.

DCIAs provide for aircraft separation during missed approach when the minimum stagger is
achieved as the leading aircraft reaches its runway threshold by:

1. Utilizing straight-out published missed approaches
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2. Assuring procedural (i.e., non-radar) separation between aircraft and protection
from wake turbulence during missed approaches by requiring that there exist a
minimum stagger between arriving aircraft and

3. Establishing values for the required stagger on approach to account for aircraft
speed and performance variations, and the effects of different runway
geometries and winds

"The DCIA procedure uses provisions already contained in the FAA Air Traffic Control
Controller's Handbook (FAA Order 7110.65) to develop requirements for the safe conduct of
DCIA procedures, utilizes radar control procedures to achieve the necessary stagger on
approach, and assures adequate separation by enforcing non-radar separation standards when
radar or radio contact is lost during consecutive missed approaches.

GENERAL DESCRIPTION OF THE DCIA MODEL

From analyses of converging consecutive missed approach scenarios it was determined that
the primary determinants of the final separation between aircraft at the runway centerline
intersection are:

"* Initial stagger
"* Ground speed differential of the two aircraft
"* Ground speed of the leading aircraft
"* Relative accelerations of the aircraft
"* Wind speed and direction and
"* Runway geometry

Distances from runway thresholds to the intersection of the runways (or their extended
centerlines) are modeled directly. The included angle between the converging runway
approaches and the effects of the wind are modeled indirectly by assuming worst-case
geometries.

In the DCIA model, the approach and miss profiles of a given aircraft are considered in four
phases:

1. An aircraft is assumed to cross the outer marker at some fixed nominal
airspeed.



2. Starting at the outer marker the aircraft decelerates at a constant rate; the rate is
chosen so that final approach airspeed is achieved in a specified distance.

3. The aircraft maintains its final approach speed until it reaches its missed
approach point.

4. Starting at the missed approach point the aircraft accelerates to a constant
missed approach speed determined by the aircraft type.

Aircraft are assumed to fly the heading of the runway until passing the runway centerline
intersection after executing the miss.

The DCIA model systematically analyzes combinations of pairs of aircraft making missed
approaches as described above. The DCIA model is used to determine the conditions under
which a horizontal separation (in the case of a leading non-heavy aircraft) or a time
separation for wake vortex avoidance (in the case of a leading heavy aircraft) is required.
The DCIA model assures adequate separation even for the following combination of
deleterious events:

* The leading aircraft misses its approach,
* The stagger between the aircraft is the minimum allowed,
* There is no radio contact with either aircraft,
• The trailing aircraft misses its approach,
* The weather conditions preclude "see and avoid" techniques by either aircraft,
* The wind conditions are such that the worst allowable wind is operative at the

time of the consecutive missed approach event,
* For some reason the leading aircraft cannot or does not accelerate, while the

trailing aircraft accelerates to the intersection even though dependent staggered
approaches are in effect, and

* The combination of aircraft is such that there is a significant speed differential
between the two aircraft, and the slower aircraft is the leading aircraft.

MODEL VALIDATION AND IMPLEMENTATION

The missed approach was developed to conform to reasonable expectations of
knowledgeable individuals (in this case, pilots, operational personnel, and FAA staff). It was
based on previous analyses and simulations of missed approach dynamics including a
comparison to staged consecutive missed approaches conducted at St. Louis in July 1991
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using actual aircraft. That previous work was reviewed by FAA Technical Center staff
whose written report endorsed the methodology and findings of those analyses and
simulations.

"The DCIA model was also checked for internal consistency over the range of parameters of
interest. In addition, the model was implemented in two forms with one implementation
having more detailed acceleration assumptions to check accuracy of the models and
c•Ilculations. The differences between the two implementations of the model were
negligible.

The model relates the dynamics of missed approaches, runway geometries, stagger values,
and winds to the resulting aircraft separations at the intersection of the runways over a range
of values of the pertinent parameters. The FAA's Air Traffic and Flight Standards
organizations established the ranges of values listed in table ES-I as those that provide
adequate safety and reflect the expected operational and environmental conditions.

The parameters in table ES-I are self-explanatory with the exception of "Forms of
restrictions." It turns out that only a subset of the runway geometries can support all of the
speed groups of aircraft using a particular stagger rule. In order to include other runway
geometries, certain aircraft need to be restricted to a particular runway. In some cases
restricting slower approach speed aircraft to the runway with the shorter threshold-to-
intersection distance is sufficient. In other cases just not pairing certain groups of aircraft is
sufficient. For a vven stagger diqtance thei' Rre some very fast or very slow aircraft that are
exceptions and cannot be handled. Therefore, the procedure can be run for all aircraft except
those listed. In actual operations the controllers would let those aircraft land but a larger
stagger would be necessary. Combinations of these restrictions are also allowed.

ANALYSIS PROCEDURES

For any two runways whose extended centerlines intersect, the DCIA model yields the
distance and time separations of the aircraft at the intersection. The analysis proceeds by
assuming combinations of values for the operational parameters listed in table ES- 1 (except
for the "Forms of restrictions" and "Minimum separation at intersection"). The DCIA model
finds solutions that provide adequate separation for cases in which the leading aircraft (at the
start of the scenario) gets to the intersection first. Separation at the intersection is an issue
only to the extent that the trailing aircraft is faster than the leading aircraft. Under these
conditions, the longer the runway threshold-to-intersection distances are, the smaller will be
the separation of the aircraft at the intersection. Therefore, the analysis is performed by
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Table ES-I. Parameters for the Analysis of DCIAs

Parameter Values
Minimum separation at intersection I nmi for non-heavy leading aircraft

76 seconds for heavy leading aircraft
Included angles between the runways 30 degrees minimum

120 degree maximum
Approach airspeed at Outer Marker 174 kts
Final approach airspeeds 80 kts minimum

170 kts maximum
10 kt increments

Missed approach accelerations Equivalent to the maximum effective
acceleration to the intersection for the
aircraft using St. Louis with a maximum

_.... speed of 250 kts
Distance from runway threshold-to- 0 feet minimum
intersection 27,300 feet maximum

100 foot increments
Winds 30 kts maximum

15 kts maximum crosswind
5 kts maximum tailwind

Form of restrictions 0 Restrict x kt or less aircraft to runway
with shorter threshold-to-intersection
distance (80Xx•120)

"* Except y kt or greater aircraft (y>160)
"* Except s kt or less aircraft (s:590)
* Do not pair z kt or less aircraft leading

with y kt or greater aircraft trailing
(z51 10, y?2160)

o Restrict and do not pair
o Restrict and except
o Except and do not pair

Decision Heights 250,500 and 700 feet
Stagger 2, 2.5 and 3 nmi for non-heavy leading

aircraft
_5 and 6 nmi for heavy leading aircraft

lx:



determining the maximum threshold-to-intersection distances for which a given set of
restrictions and operational parameter values suffice to meet the minimum separation-at-
i•tersection requirements.

This pair of maximum threshold-to-intersection distances (i.e., the sh,'ter and longer
distances from threshold to intersection) is called a breakpoint. An initial breakpoint is
determined for which the two threshold-to-intersection distances are equal. Then, additional
restrictions and larger stagger distances are imposed to obtain larger long-threshold-to-
intersection distance breakpoints. Any pair of runways whose short and long threshold-to-
intersection distances do not exceed those of a given breakpoint can be safely operated using
the operational parameters and restrictions that determined that breakpoint.

RESULTS

General Results

As described above, the analysis methodology was designed to find those ranges of runway
threshold-to-intersection distances for which a common set of operational conditions would
allow a safe operation. Each set of operational conditions is a DCIA procedure. An example
of one subset of these procedures is shown in table ES-2. This table indicates that for a
airport with runways whose shorter and longer lengths from the runway threshold to the
runway intersection point are as shown in the left-most two columns, there are five safe
procedures as indicated in the DCIA Procedure column. As the required stagger (indicated
in the parentheses) becomes greater, the restrictions become less severe. For example, the
procedure "None (3,5)" indicates that with a stagger of 3 nmi behind a non-heavy aircraft
and 5 nmi behind a heavy aircraft all aircraft can land on either runway without regard to the
traffic on the other runway except to provide the required stagger (i.e., none of the aircraft
are restricted). An "Excepted" aircraft is one that cannot be safely accommodated with the
given stagger values. The rightmost column indicates the increased stagger that is necessary
to accommodate the "excepted" aircraft. In all cases, skipping a slot in back of an "excepted"
slow aircraft or in front of an "excepted" fast aircraft will suffice to maintain a safe
operation. If the procedure does not involve an "excepted" aircraft, additional stagger is not
applicable (denoted NA).

The range of distances from threshold-to-intersection in table ES-2 is only one of many that
were found with the DCIA model. Consider the continuum of longer and shorter distances
from threshold-to-intersection as shown in figure ES-2. The range of distances in table ES-2
is depicted in figure ES-2 as the shaded cell. Each of the other cells in figure ES-2 have
corresponding DCIA procedures. For longer and shorter threshold-to-intersection distances
not covered by the cells in figure ES-2 there is no DCIA procedure.
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Table ES-2. Example of a DCIA Procedure for Decision
Height of 230 Feet

DCIA Procedure
Shorter Distance from Longer Distance fromn Stagger aircraft to converging Stagger rule

threshold to intersection thresold to intersection runways using indicated stagger for -Excepted
distance- restrictions noted Aircraft"

2601 ftto 3400ft 3401 ftto4000ft ) Resuict 90 kta or less (2.5.5) or skip
aircraft to runway with a slot
shorter duesbold-to-
intearction dismace sd
except 80 kt or less aircraft;
suier rule is (2,5)

or
0 Do not pair 90 kt or less (3,5) or skip a

aircraft leading with 160 kt slot
or greater aircraft trailing
md except 80 kt or less
aircraft; stager role is
(2,S)

or
O Restrict 80 k or less NA

aircraft to runway with
shorter threshold-to-
intersection distance;
stg rorle is (2.S,.5)

or
o Do not pir 80 kt or less NA

aircraft leading with 160 kt
or greater aircraft trailing;
stager role is (2.5,5)

or
o None; stagier rule is (3,S) NA
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The dots on figure ES-2 present runway configurations among the top 100 airports with a
potential for using the DCIA procedure. For any airport that wants to determine a DCIA
procedure that would be applicable to that airport, the appropriate cell and the corresponding
DCIA procedures could be identified.

Since the possible DCIA procedures (i.e., restrictions and stagger rules) vary with decision
height, figures ES-3 and ES-4 show the cells for decision heights between 250 and 500 feet
and between 500 and 700 feet. respectively.

Site-Specific Results

Runway lengths, the included angle between the converging runways, and the decision
height(s) were modeled for a generic rather than an actual site. Also, the DCIA analysis was
carried out with a simplified acceleration model. These simplifying assumptions lead to
DCIA procedures that may be more conservative at specific sites than is needed.

As an example, two specific sites are considered: Chicago O'Hare runways 27R and 32L, and
Philadelphia International runways 9R and 17. The runways at Chicago O'lare have an
included angle between the runways of approximately 50 degrees which results in more
benign winds than do the included angles assumed in the general DCIA model. The
Philadelphia runways are an example of an asymmetry in distance from the threshold to the
intersection for which the general model yields very conservative results.

The general results would require a 3 nmi stagger behind non-heavy aircraft in the Chicago
example. With site specific modeling and with a knowledge of the type of traffic that
primarily uses Chicago O'Hare, a 2 nmi stagger behind non-heavy aircraft is possible. For
the Philadelphia configuration, the general results would require a 2.5 nmi stagger behind
non-heavy aircraft and a 6 nmi stagger behind heavy aircraft. With site-specific modeling,
an asymmetric stagger could be used to increase the arrival rate at the airport.

RECOMMENDATIONS

Recommendations for Implementation

The DCIA procedure is capable of supporting the DCIA concept in the current ATC
environment at a significant number of airports using available technology. The conditions
under which the procedure can be run have been developed. Although the procedure
definitions are not unique, they are easy to implement at various facilities. For this reason,
we recommend that the implementation of the DCIA procedure through an FAA order be
based on the procedures developed in this report.
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Because the general procedures are very conservative, some facilities would benefit from
site-specific analysis. Therefore, we recommend that for those airports with significant
traffic levels or with other unique considerations (e.g., the runway with the shorter threshold-
to-intersection distance is really the airport's main runway) procedures be based on site-
specific analysis rather than the generic analysis.

Recommendations for Future Work

The procedure as discussed in this document is designed to be simple for easy operational
use in the current system. It contains several restrictions that are considered necessary for a
first step. Many of the constraints make the procedure somewhat conservative and
enhancements are possible to make it more efficient or applicable to more geometries
without compromising the safety of its operation. Such enhancements will need further
research and study, and in some cases will require additional prototyping and simulations to
determine their viability. We recommend that areas of possible enhancements such as those
listed below be considered:

1. DCIAs for non-precision approaches -- develop procedures for other than
straight-in precision approaches such as Instrument Landing System (ILS) or
Microwave Landing System (MLS) approaches

2. Site-specific variable and asymmetric stagger values -- develop procedures that
do not assume that all stagger distances are the same

3. Speed difference stagger values -- develop procedures that are based on ground
speeds rather than airspeeds

4. Turning missed approaches -- develop procedures which do not constrain the
DCIA procedure to require published straight-out missed approaches

5. Goal-based procedure -- develop a procedure that would allow the controller to
adjust the stagger to account for differences in aircraft speed and winds and still
meet the safety goals

6. Cockpit traffic display -- develop a procedure that would take advantage of
self-separation provided by the pilot using a cockpit traffic display

7. Risk analysis -- develop a procedure which is based on the experience of DCIAs
to relax the extremely conservative nature of the procedures described in this
analysis

xvi



ACKNOWLEDGMENTS

The authors of this paper wish to thanks all those who contributed to the Dependent
Converging Instrument Approach (DCIA) procedure. Those contributions eventually made
it back into the analysis reported in this paper. In particular we would like to thank Dick
Danz, formerly of Air Traffic Procedures and currently in the Capacity Office, for providing
guidance during the initial stages of this analysis. Larry Paschich, also formerly of Air
Traffic Procedures, provided the follow through to integrate the results of this analysis with
the DCIA procedure order. We would also like to thank Spyder Thomas of Flight Standards
for keeping us ever mindful of the user and safety perspective of this problem. Pati Otey of
Air Traffic Operations added the controllers' perspective to our analysis for which we are
gratefuL To Janis Hooten of the Terminal ATC Automation (TATCA) Program Office and
Mike Gough of Air Traffic Requirements we extend our thanks for coordinating the process
of getting people together to discuss and resolve the issues and to move forward toward the
DCIA order.

Here at MITRE, the authors would like to acknowledge Kerry Levin for his support and
wisdom in providing our team the environment to work productively. We also wish to thank
Oscar Morgenstern for his thorough and insightful review of this document. Although he
made it better, the authors take full responsibility for any remaining shortcomings of this
document.

"xvii



TABLE OF CONTENTS

SECTION PAGE

I Introduction 1-1

1.1 Background 1-1
1.2 Purpose 1-4
1.3 Scope 1-4
1.4 Audience 1-4

2 ATC Basis of the Dependent Converging Instrument Approach Procedure 2-1

2.1 Background and Principles 2-1
2.2 ATC Basis 2-2
2.3 Miscellaneous 2-11

3 Model of the Dependent Converging Instrument Approach Procedure 3-1

3.1 General Description of the DCIA Model 3-1
3.1.1 Overview of the Model 3-1
3.1.2 Aircraft Approach and Missed Approach Profiles 3-1

3.2 Parameter Ranges and Procedure Restrictions 3-2
3.3 Detailed Description of the DCIA Model 3-7

3.3.1 Initial Aircraft Positions 3-7
3.3.2 Duration of Scenario for Non-Heavy Leading Aircraft 3-7
3.3.3 Duration of Scenario for Heavy Leading Aircraft 3-9
3.3.4 Movement of the Trailing Aircraft 3-9

3.4 Modeling of Worst Case Factors 3-15
3.4.1 Aircraft Accelerations 3-15
3.4.2 Determination of Headwind Components 3-16
3.4.3 Speed Groups 3-16
3.4.4 Factors Not Modeled in the DCIA Procedure 3-17
3.4.5 Conservative Nature of the DCIA Model 3-18

3.5 Validation of the Model 3-18

4 Analysis 4-1

4.1 Analysis Procedures 4-1
4.2 Second Order Model 4-9

xix



SECTION PAGE

5 Results 5-1

5.1 General DCIA Procedure 5-1
5.2 An Example of the Use of the DCIA TABLES 5-48
5.3 Result Sensitivities 5-51

5.3.1 Evaluation of Stability of the Numerical Calculations 5-51
5.3.2 Corroboration of DCIA Procedure Restrictions 5-56

5.4 Analysis of Particular Sites 5-57
5.4.1 Factors for Site Specific Analyses 5-59
5.4.2. Examples of a Site Specific Analysis 5-60

6 Recommendations 6-1

6.1 Recommendations for Implementation 6-1
6.2 Recommendations for Future Work 6-1

6.2.1 Non-Precision Approaches 6-2
6.2.2 Asymmetric Stagger 6-2
6.2.3 Procedure by Speed Difference 6-3
6.2.4 Turning Missed Approaches 6-3
6.2.5 Goal Based Procedure 6-4
6.2.6 Role of Cockpit Traffic Display 6-4
6.2.7 Risk Analysis 6-4

List of References RE-I

Appendix A Equations of Motion A-1

Appendix B Accelerations B-1

Appendix C Worst Case Winds C-1

Appendix D Observations of Separations Behind Heavy Aircraft D- 1

Appendix E Theoretical Bounds on the Difference Between the Original Model
and the Second Order Model E- I

Appendix F St. Louis Authorization F- I

Appendix G Comparison of First and Second Order Model Procedures for Cc`.sioa
Heights of 250 ft or Less G- I

Glossary GL-i



LIST OF FIGURES

FIGURE PAGE

1-1 The Converging Runway Display Aid Concept 1-3

2-1 Dependent Converging Instrument Approaches 2-3

2-2 Parameters of Safety 2-5

2-3 Time Difference Between Successive Departures When Departure Paths Intersect 2-7

2-4 Distance in Space for Aircraft on Staggered Converging Approaches with a 2 nmi
Stagger 2-10

3-1 Missed Approach Geometry 3-3

3-2 Example of Threshold Stagger 3-8

3-3 Effective Speed Factors for F4s 3-12

3-4 Effective Speed Factors for Heavies 3-13

3-5 Effective Speed Factors for Others 3-14

5-1 DCIA Procedure Regions for Decision Heights <= 250 feet 5-52

5-2 DCIA Procedure Regions for Decision Heights > 250 feet and <= 500 feet 5-53

5-3 DCIA Procedure Regions for Decision Heights > 500 feet and <= 700 feet 5-54

5-4 DCIA Procedure Regions for Decision Heights of 250 Feet or Less Using the
Second Order Model 5-58

A-1 Missed Approach Geometry A-2

A-2 Stagger Geometry A-3

B-1 Effective Speed Factors for F4s B-4

B-2 Effective Speed Factors for Heavies B-5

B-3 Effective Speed Factors for Others B-6

xxi



FIGURE PAGE

C-1 Acceptable Wind Region for Runways with 75 Degree Included Angle C-2

C-2 Acceptable Wind Region for Runways with 45 Degree Included Angle C-4

C-3 Acceptable Wind Region for Runways with 105 Degree Included Angle C-5

E-1 Theoretical Upper Bound On Separation Difference: Decision Height = 250
Feet and Trailing Aircraft = Other E-4

E-2 Theoretical Upper Bound On Separation Difference: Decision Height = 250
Feet and Trailing Aircraft = Fighter E-5

E-3 Theoretical Upper Bound On Separation Difference: Decision Height = 500
Feet and Trailing Aircraft = Other E-6

E-4 Theoretical Upper Bound On Separation Difference: Decision Height = 500
Feet and Trailing Aircraft = Fighter E-7

E-5 Theoretical Upper Bound On Separation Difference: Decision Height = 700
Feet and Trailing Aircraft = Other E-8

E-6 Theoretical Upper Bound On Separation Difference: Decisioai Height = 500
Feet and Trailing Aircraft f Fighter E-9



LIST OF TABLES

TABLE PAGE

3-1 Parameters and Restrictions for the Analysis of DCIAs 3-4

3-2 Maximum Differential and Headwinds 3-15

4-1 DCIA Analysis Spreadsheet Example 4-1

4-2 Second Breakpoint Spreadsheet 4-4

4-3 Third Breakpoint Spreadsheet 4-5

4-4 Next Shorter Threshold to Intersection Breakpoint Spreadsheet 4-7

4-5 Excepted Aircraft Analysis With Restriction 4-8

4-6 Excepted Aircraft Analysis With Restriction 4-9

5-1 DCIA Procedure for Decision Heights of 250 ft or Less 5-2

5-2 DCIA Procedure for Decision Heights Between 251 ft and 500 ft 5-21

5-3 DCIA Procedure for Decision Heights Between 501 ft and 700 ft 5-34

5-4 Example of DCIAs at Boston 5-48

5-5 Some Airports with Potential DCIA Applications 5-50

5-6 Some Differences in Aircraft Separation Distances for the Original and Second
Order Models 5-56

5-7 Largest Increases in D2 Between the Original and Second OrderModels for
Decision Heights <=250 ft 5-57

B-I Example of Effective Speed Increases B-2

B-2 Curve Fit for F4 Accelerations B-4

B-3 Curve Fit for Heavy Accelerations B-5

B-4 Curve Fit for Other Acceleartions B-6

Xxiii



TABLE PAGE

C- I Landing Wind Limits C-1

C-2 Maximum Differential and Headwinds C-6

D- 1 Times for Heavies to Accelerate 9500 feet D-2

D-2 Heavy Aircraft Time to Intersection Statistics D-2

D-3 Non-Heavy Airft rume to Intersection Statistics D-3

D-4 Tune and Distance Separtions Behind Heavy Departures D-3

E-1 Winds Used for DCIA Consecutive Missed Approach Analysis E-3

E-2 Some Differences in Separation Distances for the Original and Second
Order Models E-10

G- 1 Comparison of First and Second Order Model Procedures for Decison Heights
of 250 Feet or Less G-1

xxiv



SECTION 1

INTRODUCTION

1.1 BACKGROUND

When an airport experiences low ceiling or visibility conditions the arrival capacity of the
airport is significantly reduced. This is particularly true at airports that use both their main
runway and their crosswind runway in Visual Meteorological Conditions (VMC). For these
airports the capacity is effectively reduced to that of a single runway operation in Instrument
Meteorological Conditions (IMC). The consequence of this is an increase in air traffic
delays.

In 1986 the Federal Aviation Administration (FAA) issued Order 7110.98 (FAA, 1986) that
instituted Simultaneous Converging Instrument Approaches (SCIA). That order allows
airports with converging runways to conduct operations to both runways in IMC provided
certain constraints are satisfied. The procedure provides for the safety of the simultaneous
operations with turning missed approaches and requires that missed approach points be
moved so that they are separated by at least 3 nmi and the associated Terminal Instrument
Procedures (TERPS) surfaces do not overlap. Because of these requirements, the minima for
SCIAs tend to be quite high because the protection areas cannot overlap. The order also
limits the operations to a minimum of 700 feet ceiling and 2 mile visibility for intersecting
runway geometries. To date only four airports (Philadelphia, Dallas-Ft. Worth, Denver, and
Washington Dulles) have utilized the provision of this order to reduce the midima to which
they may use their converging or intersecting runways.

In the 1980s another concept for conducting approaches to converging runways was
proposed (Newman et al, 1981, Mundra, 1987, and Lisker, 1988). In its final version, this
procedure (Mundra and Danz, 1990) called for coordinating the approaches to the two
runways such that a stagger between the aircraftl is maintained. This stagger would insure
that if both aircraft had to miss their approaches, separation between them would be
guaranteed even at the intersection of their flight paths. This procedure, which is named the
Dependent Converging Instrument Approach (DCIA), is predicated on protecting against
straight out missed approaches, and the minimum required stagger distance is set
accordingly.

I A stagger between aircraft is the difference between the distance of one aircraft from the
runway centerline intersection point and the distance of the other aircraft from the
runway centerline intersection point.
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Experience in the laboratory has shown (Mundra et al, 1989) that setting up and maintaining
such a stagger is a skill that is difficult for controllers to apply consistently. Therefore an
automation aid to assist controllers in achieving the required stagger was proposed (Mundra,
1988). This aid has become known as the Converging Runway Display Aid (CRDA). The
aid can be described with reference to figure I- 1. For every Aircraft A on approach to one
runway (RI) there is a ghost target GA displayed along the other approach path (P2) for
converging Runway R2. The distances of the ghost target GA and the real target A from the
point of intersection of the two runways or their extended centerlines are equal. The display
position of the ghost target is updated every scan along with the update of the real target.
Aircraft B is the trailing aircraft on the converging approach. The controller is required to
establish a .9-ing between the ghost target GA and Aircraft B. Providing such spacing
between a real aircraft and a ghost target results in assuring the required stagger between the
real aircraft. The vectoring of an aircraft to follow another target on a radar scope is a
controller skill that is highly developed.

The results of laboratory simulations with FAA controllers showed that controllers were able
to use ghost targets for staggering aircraft on converging approaches (Mundra, 1989).
Additional simulations with FAA controllers showed that not only was the staggering
feasible but it could also lead to an Instrument Meteorological Condition (IMC) arrival
capacity increase of over 20 percent (Barker, 1990).

In January 1990, the FAA's Terminal ATC Automation (TATCA) Program and the FAA's
Air Traffic Service started evaluating DCIAs supported by CRDA at St. Louis-Lambert
International Airport. A special software modification (or "patch") was specified for the
ARTS MIIA computer at St. Louis to display "ghost targets" on the controller displays
(Feldman, 1990) and was coded at the FAA Technical Center (FAATC). The evaluation was
conducted according to an evaluation plan that called for operations, first in VMC, followed
by operations in IMC (Gilligan, 1991). Prior to the operations in IMC, a computer
simulation of consecutive missed approaches to St. Louis' runways 24 and 3OR was run and
the results showed that the stagger of 2 nmi behind a non-heavy aircraft and 5 nmi behind a
heavy aircraft would produce acceptable separations at the intersection (Barker, 1992) as
long as aircraft approaching slower than 100 kts were restricted to runway 24. This
simulation was followed by a successful demonstration in July 1991 at St. Louis using real
aircraft. After coordination with the user community, the FAA issued an Air Traffic
authorization (a "waiver") to St. Louis to conduct DCIAs to its runways 30R and 24 in IMC
(FAA, 1991). This authorization established the minimum stagger values and restrictions
that St. Louis must use in order to conduct DCIAs to its runways 30R and 24. This
authorization was issued only for runways 30R and 24 at St. Louis and was based on an
analysis and simulation of that specific geometry.
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The evaluation at St. Louis was successfully completed in the spring of 1992 (Gilligan,
1992). Activities are currently underway to implement the CRDA automation nationally
(Feldman, 1992). At least 20 of the top 100 airports in the United States have configurations
and instrumentation that would enable them to take advantage of the DCIA procedure. An
important element of this implementation process is the developmeat of a DCIA procedure
applicable to all eligible airports.

1.2 PURPOSE

The purpose of this paper is to develop a DCIA procedure applicable to any runway
geometry. The procedure is defined and modeled to capture its safety-critical aspects. From
this analysis recommendations are made concerning the stagger values and other factors
relevant to applying this procedure safely to any runway geometry.

1.3 SCOPE

This paper discusses the procedural and safety aspects of the DCIA procedure rather than
issues pertaining to automating the CRDA. The analysis presented in this paper deals with
the DCIA procedure as it applies to any runway configuration in general. Worst case
considerations are used as the basis of this general analysis. The analysis results in a look-up
table such that the DCIA procedure for any given runway configuration can be determined
from its geometry. An example of applying this table to a number of candidate airports is
included. Finally, some specific examples are also provided to illustrate the point that a
more specific analysis for individual airports can help reduce certain restrictions otherwise
necessary in the general procedure.

1.4 AUDIENCE

It is assumed that the reader of this paper is knowledgeable about ATC in general and
terminal area operations in particular. The information in this paper is developed for the
procedure development organization in the FAA Headquarters as well as for use as reference
material by the planning and procedures staffs at the facilities.
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SECTION 2

ATC BASIS OF THE DEPENDENT CONVERGING INSTRUMENT APPROACH
PROCEDURE

2.1 BACKGROUND AND PRINCIPLES

Newman, et al. (1981), Mundra (1987), and Lisker (1988) describe early studies relevant to the
DCIA concept. Mundra and Danz (1990) describe the basic form of this procedure used for
developing the authorization for the DCIA evaluation conducted at St. Louis from 1990 to 1992.
Minor modifications to the procedure as described by Mundra and Danz (1990) and the
necessary additional analyses led to the authorization issued to St. Louis for operating DCIAs to
its runways 30R and 24. A copy of this authorization is included n appendix F. The
assumptions used to develop this authorization also form the basis for the analysis presented in
this report, which addresses the development of a DCIA procedure applicable to any runway
geometry.

The basic principle behind DCIAs is to coordinate arrivals on converging approaches such
that the two aircraft may approach the runways with a certain amount of stagger. In the
unlikely event that the aircraft on the two approaches should both conduct missed
approaches, the stagger provided on approach is designed to be such as to guarantee that the
aircraft will be separated during their missed approach without requiring any further
intervention by the controller. The procedure thus guarantees safe passage even in the event
of a radio failure and/or a radar failure.

The experience with SCIAs has indicated that in order to reduce the potential of pilot
confusion, it is preferable to require one set of approach plates for a runway regardless of
whether the runway is used singly or in a converging configuration. The experience with
SCIAs has also indicated that whenever possible, straight out, rather than turning, missed
approaches are desirable so that the aircraft will not be in a "belly up" configuration towards
each other during their missed approaches. Straight out missed approaches also generate less
workload for pilots, and inherently provide greater protection against late missed
approaches. Finally, it should be noted that even when the published procedure is a turning
missed approach, busy Terminal Radar Approach Control facilities (TRACONs) generally
prefer to issue vectors for straight out missed approaches when the aircraft is in radar
control.

DCIAs provide for aircraft separation during missed approach by:

1. Utilizing straight out published missed approaches
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2. Assuring procedural (i.e., non-radar) separation between aircraft and protection
from wake turbulence during missed approaches by requiring that there exist a
certain stagger between arriving aircraft, and

3. Establishing values for the required stagger on approach to account for aircraft
speed and performance variations, and the effects of different runway geometries
and winds

In addition, the procedure addresses the questions of adequate separation on approach.

Figure 2-1 illustrates the DCIA concept. Thr-A and Thr_B are the runway thresholds for
runways A and B, respectively. When an aircraft ACI reaches ThrA, the next aircraft
approaching runway B is required to be a certain stagger distance behind on its approach.
When an aircraft approaching runway B is the lead aircraft, the next aircraft approaching
runway A is similarly required to be staggered by a specific amounL Straight out missed
approaches are used. If both aircraft should conduct missed approaches, their flight paths
would cross at point P where the runway centerlines or their extensions meet. Point P is
therefore the reference point with respect to which protection must be provided. DI and D2
are distances of ACI and AC2 from point P. The stagger distance between the two aircraft
is defined as (D2-D I). The DCIA procedure establishes the minimum required values for
the stagger such that in all cases of runway lengths, included angles between the runways,
individual aircraft speed differences, aircraft types and winds (I) the two aircraft will be
adequately separated both on approach and missed approach, and (2) the trailing aircraft will
be provided adequate wake vortex separation from the preceding aircraft when wake vortex
is a factor.

The minimum stagger separation is required to be satisfied when the leading aircraft reaches
its runway threshold.1

2.2 ATC BASIS

The DCIA procedure largely utilizes provisions already contained in the FAA Air Traffic
Control Order 7110.65F (FAA, 1991) to develop requirements for the safe conduct of the

I It should be noted that Mundra and Danz (1990) describe the DCIA concept with respect
to missed approach points, i.e., require that the stagger be established at the missed
approach point. Most other terminal separation standards are, however, enforced at the
threshold. It was therefore determined by the FAA that the stagger for DCIAs be
required at the threshold rather than at the missed approach point of the leading aircraft.
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converging approaches envisioned in DCIA. In essence, the DCIA procedure utilizes radar
control procedures to achieve the necessary stagger on approach and assures adequate
separation by enforcing non-radar separation standards when radar contact is lost during a
simultaneous missed approach.

The following paragraphs of FAA Order 7110.65F form the basis for this procedure:

Paragraph 3-91 Touch and go or stop and go or low approach
Paragraphs 3-108 and 3-123 Intersecting Runway separation
Paragraph 6-10 Minima on diverging courses
Paragraph 6-64 Interval Minima

The following parm.graphs are also relevant:

Paragraph 5-114 Departure and arrival
Paragraph 3-84 Precision approach critical area
Paragraph 3-104, 3-127 Anticipating separation

And the following paragraph is affected

Paragraph 5-72

Paragraph 3-91 establishes that arrival aircraft that make a low approach, i.e., missed
approach, am considered departures once they have crossed the landing threshold.
Therefore, the procedures governing departure aircraft are used in determining the standards
for DCIA.

Paragraph 3-108 states that controllers must separate departing aircraft from an aircraft using
the intersecting runway, or non-intersecting runways when the flight paths intersect, by
ensuring that a departure does not begin takeoff roll until the preceding non-heavy aircraft
has departed and passed the intersection, or for aircraft taking off behind a heavy jet, two
minutes after the heavy jet begins takeoff roll.

Figure 2-2 depicts the safety parameters of interest in greater detail. Let SEP be the distance
between the aircraft when the leading aircraft is at the point of intersection (see figure 2-2B).
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SEP is then the minimum distance achieved between the aircraft in case of
simultaneous/consecutive straight out missed approaches before they start diverging. 2

At a point of time somewhat later than this, the trailing aircraft intercepts the path of the
leading aircraft at the point of intersection of the runways or the extended centerlines. It is
here that the tailing aircraft may experience the wake of the leading aircraft unless adequate
separation is provided. The time elapsed since the leading aircraft passed the intersection is
the parameter by which adequate wake turbulence protection may be measured.

When wake vortex protection is not an issue, i.e., when the leading aircraft is not heavy, the
separation at the intersection, SEP, would have to be at least as much as the runway length of
the aircraft on the trailing runway, as per a strict application of paragraphs 3-91 and 3-108.
This, however, would lead to an inconsistent separation standard in case of consecutive
missed approaches depending upon which aircraft were leading. When an aircraft on the
runway with the longer distance to intersection were leading, a distance shorter than when it
were trailing would be acceptable. A uniform minimum requirement of I nmi was therefore
established by the FAA for the value of SEP for this analysis. The procedure thus requires a
stagger distance such that in the event of simultaneous missed approaches when the leading
aircraft is not heavy, the aircraft will still be separated by at least 1 nmi before they start
diverging, even when there is a radio or radar failure.

The 2 minute rule in paragraph 3-108 establishes the point in time that a succeeding aircraft
may be issued a take-off clearance after a leading heavy aircraft on an intersecting runway
has begun its departure roll. The actual time elapsed between two departing aircraft crossing
the same point, however, depends upon the runway geometry. This is illustrated in
figure 2-3. ACI, a heavy aircraft, is the first one cleared for take-off. AC2 is cleared to
take-off 2 minutes after ACI begins its take-off roll. Suppose that Ttor is the time taken by
aircraft AC2 to begin its take-off roll after a take-off clearance has been issued to it; and
suppose that TrI and Tr2 are the times taken by ACM and AC2 to travel from their respective
runway thresholds where they start their take-off rolls, to the intersection point P. The
actual time elapsed, DT, between when aircraft AC2 and ACI cross the intersection point, P,
is (2 minutes+Ttor-Trl +Tr2). Clearly, if Runway I is significantly longer than Runway 2,
then DT may be less than 2 minutes. In other words, the "2 minute rule" of paragraph 3-108

2 Diverging takes place after the first aircraft passes the intersection in front of the second
aircraft. The separation between the aircraft can still decrease if the trailing aircraft is
faster, but the situation is considered to be safe because the aircraft are now on diverging
courses and the second aircraft will pass in back of the first aircraft.
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provides safe separation behind heavies in the current system even when the actual time to
cross the flight path of the leading heavy aircraft is less than 2 minutes.

An effort was made to determine representative values of actual flight path crossing times
behind heavy aircraft observed in the system today. Appendix D documents data collected at
St. Louis for this purpose. It was observed that in implementing the current wake vortex
separation standards for aircraft in trail, a succeeding aircraft passed a point in space that a
heavy aircraft had crossed 76 seconds after the heavy aircraft. It is generally believed that
the wake encountered in crossing encounters is less severe than that encountered in-trail. In
the interest of conservatism, however, it was established by the FAA for this analysis that a
minimum of 76 seconds elapsed time (DT in figure 2-3) would be required between aircraft
on converging missed approaches when the leading aircraft is heavy.

Paragraph 6-10c(2), dealing with the initial separation ot successive departing aircraft,
specifies non-radar separation standards for intersecting runways and states that controllers
may authorize takeoff of succeeding aircraft when the preceding aircraft has passed the point
of runway intersection, that the runways diverge by 30 degrees or more, and that the
departure courses diverge by at least 45 degrees. This established the requirement in DCIAs
for runways to have a minimum included angle of 30 degrees and missed approach
procedures for the converging approaches have at least 45 degrees course divergence.

An upper limit of angle between runways of 120 degrees was established. This provided a
range (90 degrees) of angles between runways for which the DCIA procedure could 'be used
without the encounter geometry becoming nearly "head-on".

Paragraph 3-123 establishes the requirements for separation on intersecting runways. Those
requirements address runway separation in general, and apply to VFR as well as [FR
conditions. Thus, when dependent converging IFR approaches are in use for intersecting
runways, paragraph 3-123 establishes the requirements that must be satisfied regarding
runway separation. It establishes such standards as prohibiting an aircraft from crossing the
threshold on one runway until an aircraft on the intersecting runway has passed the runway
intersection, or taxied off the runway, or has completed the landing roll and will hold short
of the intersection. In general, the staggering of aircraft on approach will aid the tower in
satisfying the requirements of paragraph 3-123. If, however, a particular aircraft pair or a
runway geometry should require additional stagger than that needed for the DCIA procedure
in order to assure runway separation requirements of paragraph 3-123, the facility and the
controller would be expected to implement the necessary adjustments.
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It should be noted that the FAA is in the process of revising the provisions of paragraph
3-123, in particular the hold short requirements in EFR conditions. If and when such changes
are implemented, the revised provisions would apply to the DCIA operation for intersecting
runways.

The minimum allowable stagger distance was set at 2 nmi for this analysis. A 2 nmi stagger
with respect to the intersection guarantees a minimum of 2 nmi separation-in-space for all
applicable geometries for when the leading aircraft crosses its threshold. 2 nmi-in-space is
the separation currently required for aircraft on straight-in precision approaches for parallel
(dependent) operations. Although it could be argued that the aircraft in the dependent
parallel operations are established on parallel comrses when a 2 nmi in-space separation is
provided, the exposure to this minimum spacing is over a long distance and time, typically 7
to 15 nmi on final, depending on the airport. In contrast, the minimum in-space separation
between aim-raft on converging approaches will only be for a short time at the point when the
leading aircraft reaches its threshold.

Figure 2-4 shows the dependence of the in-space separation between aircraft on a converging
runway approaches on the included angle between the runways and the distance from the
intersection of the leading aircraft. For a 60 degree included angle between the runways and
the leading aircraft at its runway threshold (where the stagger is enforced) 1.5 nmi from the
intersection, the in-space separation between the aircraft when they are staggered by 2 nmi is
more than 3 nmi. In effect, then, the 2 nmi minimum stagger requirement for dependent
parallel operations establishes that the separation-in-space between airborne aircraft on
converging approaches never be less than 2 nmi. This requirement which will appear in the
national DCIA order will effectively modify the radar separation requirements of paragraph
5-72 for aircraft on precision converging approaches in the same way that paragraph 5-125
modifies paragraph 5-72 for aircraft conducting dependent parallel operations.

Figure 2-2c also shows the distance SW between the aircraft when the trailing aircraft
reaches the intersection.3 If the aircraft speeds were equal and remained unchanged during
their missed approaches, the distance SEP and SW would both equal the stagger. Due to
differences between aircraft approach speeds and speed changes during missed approach,
however, the separations achieved (SEP and SW) would be somewhat different from the
stagger provided at the threshold. Both the ground speeds of the individual aircraft during
the encounter and the distances traveled during the encounter affect the degree to which the
achieved separation at the intersection is different from the stagger separation provided at the

3 The distance SW between the aircraft when the trailing aircraft reaches the intersection is
also another possible parameter by which adequate wake vortex protection may be
measured.
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threshold. Therefore, individual aircraft approach and missed approach speeds, winds, and
distances of the threshold to the intersection are the primary parameters affecting the stagger
required for adequate separation.

Paragraph 6-64 in FAA Order 7110.65F describes how controllers are required to make
spacing adjustments to take into account relative speeds of aircraft and existing weather
conditions to satisfy the interval minima for timed approaches. Controllers could similarly
be expected to adjust the stagger required for DCIA approaches such that the separation at
the intersection in case of consecutive missed approaches would be I nmi when the leading
aircraft is non-heavy, and 2 minutes when the leading aircraft is heavy. Thus, if the two
converging aircraft were approaching the airport at compatible final approach speeds and
winds were calm, then a 2 nmi stagger on approach would be expected to provide about a 2
nmi separation at the intersection in case of simultaneous/consecutive missed approaches.
On the other hand, if the two airft had approach speeds differing by 60 kts (say the
leading aircraft was flying at 90 kts and the trailing aircraft at 150 kts, respectively), the
winds were calm, and the runways were both 1 nmi long to the intersection, then in the event
of a consecutive missed approach, depending upon the missed approach performance, over
one-half nmi of the stagger on approach may be lost by the time the lead aircraft reaches the
intersection, resulting in a little over I nmi separation at the intersection.

Since missed approaches are rare events, it was determined that more explicit guidance be
made available to controllers about the stagger required on approach such that if satisfied,
then even in the %,rst cases-of winds and aircraft speed differentials, a simultaneous
unavailability of either radar or radio, and simultaneous (i.e. consecutive) missed
approaches, the aircraft would still be safely separated at the intersection.

This paper documents the analysis and recommendations regarding the stagger values
required at the threshold to satisfy the separation requirements established above. The
recommended stagger distances on approach are desired in a form such that, given typical
aircraft arrival streams, the TRACON and tower controllers would be able to determine the
spacing to be provided.

The procedure analyzed here assumes straight-in precision approaches (i.e., ELS or MLS)
with or without an operating glide slope. Additional analysis would be required to extend
the procedure for other non-precision approaches or to angled approaches.

2.3 MISCELLANEOUS

It should be noted that paragraph 5-114 establishes rules for radar separation of arrivals and
departures.
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Paragraph 3-84 restricts an aircraft to be outside the outer marker when another aircraft is in
an ILS critical area. If a converging configuration creates a geometry such that an aircraft
on one approach may, upon landing, pass through the ILS critical area of the other approach,
the DCIA operation for that configuration would be limited to the appropriate higher minima
of 800 ft ceiling and/or 2 mi visibility.

Paragraphs 3-104 and 3-127 (anticipating separation) enable controllers to issue clearances
to departing and landing aircraft when reasonable assurance exists that prescribed separation
will exist when an aircraft start its take off roll or crosses the runway threshold. This enables
the establishing of stagger in the approach stream and clearing aircraft to land in order that
required separation will exist either in case of a consecutive miss or when the aircraft land.
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SECTION 3

MODEL OF THE DEPENDENT CONVERGING INSTRUMENT APPROACH
PROCEDURE

3.1 GENERAL DESCRIPTION OF THE DCIA MODEL

The model used to define the DCIA procedure is based on the dual missed approach model
and simulation developed for St. Louis (Barker, 1992). The DCIA model extracts the
u .o t features of the St. Louis model and generalizes them for application to other

3.1.1 Overview of the Model

It was determined in the St. Louis simulation that the primary factors of the final separation
of two aircraft executing missed approaches were: (1) the initial stagger, i.e., the differential
distance to intersection; (2) the ground speed differential of the two aimcraft; (3) the speed of
the leading aircraft1 ; (4) the relative accelerations of the two aircraft; and (5) the distances
from runway thresholds to the intersection of the runways (or their extended centerlines).

Wind is included in the model as a worst case condition. The wind components that produce
the minimum separation at the intersection, as determined by the allowable range of included
angles between the runways and the maximum allowable wind speeds, are always used in the
analysis.

3.1.2 Aircraft Approach and Missed Approach Profiles

In the DCIA model the approach and miss profile of a given aircraft is considered in four
phases: (1) an aircraft is assumed to cross the outer marker at a fixed nominal speed; (2) the
aircraft begins a constant deceleration phase after crossing the outer marker and is assumed
to reach its Final Approach Speed (FAS) after flying a given distance; (3) the aircraft
maintains its FAS until it reaches its Missed Approach Point (MAP); (4) at the MAP the
aircraft enters a constant acceleration phase, the actual acceleraion being dependent on
aircraft type. The points along the approach path at which these events happen is shown in

1 The speed of the leading aircraft is distingushed from the speed differential because, as it
trns out, a very slow leading aircraft allows more time for a given stagger to degrade. In
other words, on a given geometry, the speed differential is more important for scenarios
involving slow leading aircraft.

3-1



figure 3-1. The procedure specifies that the aircraft fly the heading of the runway after
executing the miss. Altitude is not modeled explictly in the DCIA model although the
acceleration values have been bounded based on the acceleration profiles discussed below
which are altitude dependent. The maximum speed in the terminal area of 250 kts was
observed in the model.

3.2 PARAMETER RANGES AND PROCEDURE RESTRICTIONS

The FAA's Air Traffic and Flight Standards organizations have established the parameter
ranges and procedure restrictions listed in table 3-1 as those that provide adequate safety and
reflect the expected range of operational and environmental conditions.

The rationale for these values is as follows:

Minimum separation at intersection. When the leading aircraft is non-heavy a value
of I nmi will be used. This is a distance that those representing Air Traffic and
Flight Standards felt comfortable with. It represents a value that is larger than the
minimum separation criteria being used on parallel runways (because the aircraft are
being placed on a converging course on purpose) while being smaller than the 2.5
nmi terminal area minimum separation and the 2 nmi parallel pproach dependent
minimum separation.2

When the leading aircraft is heavy a value of 76 seconds will be used. This value
was arrived at as a consequence of the current rules in the controller's handbook
(FAA, 1991). Those rules tate that takeoff clearance to the following aircraft should
not be issued until 2 minutes after the heavy jet begins takeoff roll (FAA, 1991,
paragraph 3-106f). The same reference also states that departing aircraft operaing
directly behind, or directly behind and less than 1,000 feet below a heavy aircraft
may be separated by 5 nmi (FAA, 1991, paragraphs 5-72d and 3-106e). The
implication of these rules is that the separation following a heavy when both are
airborne over the same point is rot necessarily 2 minutes. In fact, data was taken at
St. Louis where a heavy departure was followed by a non-heavy departure off the

2 Appendix D discusses this in more detail.

3-2



0.a

32 
0

0 C6

c 

cr

r

I

I

3-3



Table 3.1. Parameters and Restrictions for the Analysis of DCIAs

Parameter Values
Minimum separation at intersection I nmi for non-heavy leading aircraft

76 seconds for heavy leading aircraft
Included angles between the runways 30 degrees minimum

120 degree maximum
ApRoach airspeed at Outer Marker 174 kts
Final approach airspeeds 80 kts minimum

170 kts maximum
10 kt increments

Missed approach accelerations Equivalent to the maximum effective
acceleration to the intersection for the
aircraft using St. Louis with a maximum
speed of 250 kts (See appendix B)

Distance from runway threshold to 0 feet minimum
intersection 27,300 feet maximum

100 foot increments
Winds 30 kts maximum

15 kts maximum crosswind
5 kts maximum tailwind

Forms of restrictions 3  * Restrict x kt or less aircraft to runway
with shorter threshold to intersection
distance (80,r5120)

"* Except y kt or greater aircraft (y 160)
"* Except skt or less aircraft (sV90)
"* Do not pair z kt or less aircraft leading

with y kt or greater aircraft trailing
(Zg110)

"* Restrict and do not pair
"* Restrict and except
"• Except and do not pair

Decision Heights 250, 500 and 700 feet
Stagger 2, 2.5 and 3 nmi for non-heavy leading

aircraft
5 and 6 nmi for heavy leading aircraft

3 A more complete discussion of these restrictions can be found in section 3.2.

3-4



same runway. The minimum airborne separation was slgihtly greater than 5 nmi and
the time separation between the aircraft over a point where both aircraft were
airborne was 76 seconds.4

Included angles between the runways. The 30 degree value corresponds to the missed
approach course separation (FAA, 1991, paragraph 5-115). The 120 degree value
was established by the representatives of Air Traffic and Flight Standards.

Approach airspeed at the outer marker. The range of airspeeds at the outer marker is
typically about 170 to 180 kts. 174 kts was chosen to be in the middle of this range
and to be such that the jet fighters at the high end of their speed range would not have
to slow down to reach their final approach airspeed. Approach airspeeds for general
aviation aircraft are unnecessary for this analysis because the stagger distance is
always determined by the faster trailing aircraft.

Final approach airspeeds. The range of 80 to 170 kts indicated airspeed cover the
approach speeds of the aircraft at commercial airports, The approach speeds are
considered in 10 kt increments. This means that aircraft with a nominal final
approach speed of 80 kts would be those with speeds from 75 kts through 84 kts.
When the aircraft are analyzed in pairs, the leading aircraft are assigned the final
approach speed value at the low end of the 10 kt range while the trailing aircraft are
assigned the final approach speed value at the high end of the range. This is another
feature of the analysis that is consistent with the worst case aspect of this analysis

Missed approach accelerations. The sample of aircraft used in the investigation to
support the operations in St. Louis was also used to determine an envelope of missed
approach accelerations. These acceleration envelopes are divided into three
categories: heavy, fighter jets, and other. The general aviation aircraft are part of the
"other" category. Appendix B addresses the modeling of the accelerations in more
detail.

Distance from runway threshold to intersection. The distance from the runway
threshold to the intersection of the centerlines of the two runways ranges from 0 feet
to 27,300 feet. This range covers all of the airports in the top 100 airports in the
country that have been identified as having DCIA application potential.

4 The separation at the intersection is not expected to reach this minimum value with a
significant probability as discussed in section 3.3.7.
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Winds. The winds in this analysis will be no mor than 30 kts, regardless of the
direction. If the conditions are IMC and the wind is greater than 30 kts, there are
probably instabilities in the atmosphere and the pilots will be reluctant to land. In
addition, ther are crosswind and tailwind conditions beyond which the pilots will not
land. The rule of thumb is 15 kts and 5 kts, respectively.

Forms of restictions. In order to achieve the safety level (i.e., the proper separation
at the intersection following a consecutive missed approach) for some runway
configurations, it is necessary to limit the possibility that all aircraft be allowed to
land on either runway. There are many ways to limit which aircraft can land on
which runway in a safe manner. Of those ways, it was agreed by Air Traffic that the
restrictions listed in table 3-1 are operationally feasible. In general, restricting
aircraft below 120 kts to a particular runway is feasible because commercial jets tend
to have final approach airspeeds of 120 kts or greater. The restriction, as stated in
table 3-1, includes the 120 kt class of aircraft also.

To "except" an aircraft from this procedure means that when an aircraft with the
indicated speed is included in an operation there must be a larger stagger. If the
excepted aircraft is leading and is slower, a larger stagger behind this aircraft is
requ;.,1. If the excepted aircraft is trailing and is faster, a larger stagger in front of
this aircraft is required. The fast aircraft to be excepted are those with final approach
airspeeds of 160 kts or greater. These are usually the jet fighter aircraft and there
will not be too many of these aircraft at the airports under consideration. The slow
aircraft to be excepted are those with final approach airspeeds of 90 kts or less.
These are general aviation aircraft and the impact of this restriction at a particular
airport will depend on the equippage and population of general aviation aircraft using
that airport. The relative abundance of general aviation aircraft is typically reduced
during IMC.

Safety can be maintained for some runway configurations by not allowing aircraft
with certain final approach airspeeds to be paired. It was agreed by Air Traffic that
not pairing commuter and general aviation classes of aircraft (110 kts or less) with
fighter jet aircraft (160 kts or greater) would probably not severely impact the
operations at the airports under consideration. Even at that, if the faster aircraft were
leading there would be no problem pairing the two aircraft.

Finally, applying the restrictions in a pairwise fashion (e.g., restrict and do not pair,
restrict and except, except and do not pair) was also agreeable to Air Traffic.

Decision heights. The decision height has an impact on the separation at the
intersection. In terms of the operation, if the glide slope were to go out, the decision
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height would be higher. "The decision heights at the airports of interest were
reviewed and it turned out that they could be grouped into three groups: 250 feet or
less, between 250 and 500 feet, and between 500 and 700 feet. For decisions greater
than 700 feet other procedures such as SCIAs could be ran and there would be no
advantage to running a DCIA procedure.

Stagger values. The minimum stagger value of 2 nmi reflects the fact that in worst
case situations the separation between the aircraft will degrade as the leading aircraft
approaches the intersection. In order to insure at least 1 nmi at the intersection in the
event of consecutive missed approaches, the 2 nmi stagger is reasonable. The
increment of the stagger was set at 0.5 nmi. Any smaller interval was judged to be
too small for the controller to perceive reliably with today's automation. The
maximum stagger was set at 3 nmi. If the stagger were any larger, the capacity
advantage of using converging approaches over using a single approach would be
lost. For the heavy leading case, 5 and 6 nmi staggers are analogous to the separation
rules behind heavies today.

3.3 DETAILED DESCRIPTION OF THE DCIA MODEL

The following sections give an overview of the particulars of the DCIA model. A
mathematical treatment of the equations of motion that comprise the closed-form analytical
model can be found in appendix A.

3.3.1 Initial Aircraft Positions

Without loss of generality, the DCIA model places the leading aircraft initially at its runway
threshold. The initial placement of the trailing aircraft depends on the value of the stagger
chosen for the scenario. For a given stagger value, the position of the trailing aircraft on its
approach is uniquely determined. An example of initial aircraft positions with 2 nmi
threshold stagger is shown in figure 3-2.

3.3.2 Duration of Scenario for Non-Heavy Leading Aircraft

Figure 2-2B depicts the separation of concern for the case of a non-heavy leading aircraft
where te separation is measured when the leading aircraft reaches the intersection. The
execution of the consecutive missed approach proceeds by first calculating the time required
for the leading aircraft to reach the intersection. In the DCIA model the leader is assumed
not to accelerate during the missed approach. This assumption is made in the spirit of
conservatism. Therefore, the time for the leading aircraft to reach the intersection is simply
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"Figure 3-2. Example of Threshold Stagger

With the leading aircraft at threshold the position of the trailing aircraft is
uniquely determined for a given stagger value. This illustration shows an
aircraft (7AJi) at the threshold of St. Louis runway 30R, already
executing a missed approach. The trailing aircraft (LOF231) is
approaching runway 24 and is positioned 2 nmi behind the "ghost" of
7WA131, indicated by the "I". In this case the trailing aircraft is inside of
the outer marker (indicated by the small square) and not yet at the missed
approach point for runway 24. The DCIA model carries the scenario
forward from this point to determine the final separation at the intersection
of the flight paths.
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the distance from the threshold of the runway fix the leading aircraft to the intersection of
the flight paths divided by the final approach ground speed of the leading aircraft.

The tailing aircraft moves toward the inmrsection during this time interval. The scenario
ends when the leader is at the intersection. The separation of interest is then simply the
distance of the trailing aircraft from the intersection at the time when the leading aircraft is at
the intersection.

3.3.3 Duration of Scenario for Heavy Leading Aircraft

In the case of a heavy leading aircraft the scenario does not end when the leading aircraft
gets to the intersection. It is necessary to determine how long it will take the trailing aircraft
to reach the intersection after the leading heavy aircraft passes through the intersection to
determine the wake vortex avoidance separation time. See figure 2-2C. Therefore, after the
leading aircraft reaches the intersection, the DCIA model "moves" the trailing aircraft to the
intersection as a function of its approach and missed approach profile. The difference in the
times that the leading and trailing aircraft cross the intersection is the separation of interest
when the leading aircraft is a heavy. The dynamics of the trailing aircraft are considered
below.

3.3.4 Movement of the Trailing Aircraft

The DCIA model is implemented as a closed form analytic solution. However, it is
convenient to think of the air,'raft as "moving through" its approach and subsequent missed
approach. The following sections provide a description of the factors that influence the
movement of the trailing aircraft.

3.3.4.1 The Initial State of the Trailing Aircraft

The initial position of the trailing aircraft is uniquely determined from geometrical
considerations. Based on the intersection to threshold distances of both runways and the
stagger distance the position of the trailing aircraft can be determined.

The speed and acceleration of the trailing aircraft at this point is important to the remainder
of the scenario. There are four possibilities. Considering figure 3-1, the four possibilities
depend on whether the initial position of the trailing aircraft is outside the outer marker
(OM), between the deceleration point (DP) and OM, between the missed approach point
(MAP) and DP, or inside the MAP. If the trailing airaft is outside OM its speed is the
approach speed and it is not accelerating. If the trailing aircraft is between OM and DP its
speed is dependent on its position between DP and OM and it is decelerating at a rate that
will cause it to reach its final approach speed at DP. Between MAP and DP the trailing
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aircraft is at its final approach speed and it is riot accelerating. Inside the MAP the aircraft is
accelerating. In the DCIA model this acceleration is modeled as an instantaneous speed
increase. The missed approach acceleration will be discussed further in section 3.2.4.4.

3.3.4.2 Deceleration of the Trailing Aircraft

If the initial position of the trailing aircraft is further from the intersection than the point DP,
then the deceleration of the trailing aircraft must be considered. The deceleration from its
approach airspeed to its final approach airspeed is modeled to begin after crossing the outer
marker. A constant deceleration is assumed that requires the aircraft to fly 3 nmi to reach its
final approach airspeed. Although aircraft decelerate differently, the fact that they are in a
landing pattern will tend to moderate this variation. Most aircraft will reach their final
approach airspeed about half way down the final approach course according to pilots and
observations. Knowing the approach speed at the outer marker and the final approach speed
3 nmi from the outer mark the DCIA model determines the correct initial speed for the
trailing aircraft.

3.3.4.3 Decision Height for the Trailing Aircraft

Three different decision heights are modeled for the miss of the trailing aircraft. They are
250 feet, 500 feet and 700 feet. The decision height is an important factor to model for the
following reasons: if the decision height is increased, all other factors being equal, the
trailing aircraft's missed approach would be initiated at a relatively higher speed and the
trailing aircraft would accelerate sooner. All other factors being equal, a scenario in which
the trailing aircraft executes a missed approach at a higher decision height would result in
lower separation at the intersection.

33.4.4 Acceleration of the Trailing Aircraft

The trailing aircraft is modeled to begin a constant aircraft-dependent acceleration at its
missed approach point. The acceleration is applied through the remainder of the scenario
with a maximum speed of 250 kts.

When an aircraft accelerates on executing a missed approach, the object for the pilot is to
change the aircraft from a landing configuration to a climb-out configuration. Based on the
weight of the aircraft and other dynamic attributes of the aircraft, the achieved acceleration
can vary. This range of accelerations is modeled as a factor increase in speed over the final
approach speed. In other words, the acceleration is modeled as an instantaneous speed
increase. The aircraft which were investigated in detail for the St. Louis analysis were
placed in three categories based on their missed approach accelerations. The fighter jets are
one category, the heavy jets are the second category and all others formed the third category.
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Using a detailed r~od:l discussed in appendix B, a characterization of the acceleration as a
factor increase in speed was developed. The factor increase in speed depends on the distance
of the threshold to the runway intersection and the altitude at which the missed approach is
executed. The results of this analysis are shown in figures 3-3, 3-4, and 3-5.

3.3.4,5 The Effect of Winds

The winds have a significant effect on the outcome of the separation at the intersection
following consecutive missed approaches. It is noted that the minimum separation at the
intersection depends on a number of factors such as speed differentials, accelerations, and
distances to travel to the intersection. All other factors being the same, the minimum
separation occurs when either there is a maximum differential wind condition (i.e., a high
tail wind component on the trailing aircraft and a high headwind component on the leading
aircraft) or there is the maximum headwind on the leading aircraft. The feasible conditions
are contingent on the maximum tailwind, crosswind and absolute wind requirements. The
analysis of the worst case wind conditions can be found in appendix C.

The results of the worst case wind conditions are shown in table 3-2. For any given runway
configuration, as characterized by the included angle between the runways, there is a wind
direction and magnitude that will yield the maximum differential wind. There is also a wind
direction and magnitude that will yield the maximum headwind on the leadii, aircraft. One
can notice from table 3-2 that the greatest maximum differental wind will occur when the
included angle between the runways is about 110 degreeb. The greatest maximum headwind
on the leading aircraft will occur when the included angle is 30 degrees, the minimum
included angle allowed.

The way in which this information was factored into the analysis to produce the worst case
situation is as follows. The separation at the intersection following a consecutive missed
approach was computed twice; once under the condition of a maximum headwind on the
leading aircraft assuming a 30 degree included angle between the runways and again under
the condition of a maximum differential wind assumming a 110 degree included angle
between the runways. Then the minimum separation at the intersection was chosen as the
worst case separation.

The implication of this method of analysis is that the dependence of the result on the
included angle between the runways has been eliminated. However, it should be r'oted that
in reality no given pair of runways can have both an included angle of 30 degrees and 110
degrees. Therefore, this analysis for airports in general will be conservative in that for a
given airport with a given set of converging runways the actual separation at the intersection
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Table 3-2. Maximum Differential and Headwinds
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will be larger given all other conditions are the same. This could be viewed as extra safety,
or conversely as an opportunity to relax other conditions to gain an operational advantage at
t given airport.

3.4 MODELING OF WORST CASE FACTORS

As ie DCIA model was descibed above, several modeling assumptions were made which
makes this analysis very conservative. This section summarizes and places into perspective
the conservative nature of this model. In addition, the factors that were not explicited
modeled are discussed.

3.4.1 Aircraft Accelerations

In general aircraft are expected to perform a constant speed climb and then an acceleration
after executing the missed approach (Barker, 1992; Gilligan, 1991 b). However, to insure
safety even in the most extreme situations the leading aircraft never accelerates; and the
trailing aircraft is attributed a constant5 acceleration value. The acceleration is implemented
in the model as an instantaneous change in speed to a higher constant missed approach speed.
The missed approach speed is derived separately such that the aircraft arrives at the

5 Climbs are not explicitly modeled in the DCIA analysis.
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intersection at the same time as the more detailed modeling of aircraft of its type assuming
constanct speed climb to 1500 feet and then a constant acceleration. Appendix B discusses
the details of the acceleration modeling.

Another point should be made about the conservative modeling of the trailing aircraft's
acceleration. In addition to the accelerations being bounded so as to err towards higher
wailer accelerations (which lead to smaller pmdicted separations), the DCIA model
introduces another conservative feature: this kind of acceleration profile gives the trailing
aircraft higher speeds in the earlier portion of his miss scenario than would be the case in
which an actual constant acceleration were applied. In some scenarios, this feature leads to a
slightly more conservative measure of the predicited separation (i.e., smaller separation).

3.4.2 Determination of Headwind Components

The ground speeds of the respective aircraft depend on the headwind (or tailwind)
components encountered in the scenario. There are two wind conditions that can lead to a
minimum separation depending on the relative speeds involved and the geometry. One
condition puts the maximum allowable headwind on the leading aircraft. The other
condition yields a wind that generates the maximum differential headwind components on
the wo aircraft with the greatest headwind on the leading aircraft.

The DCIA model examines both wind conditions for a given scenario and always chooses
the wind conditon that results in the minimium predicted separation. Implicit in this analysis
is an inclusion of the worst case geometry (included angle between the runways) for a given
pair of runway lengths.

3.4.3 Speed Groups

The DCIA model divides the final approach speed spectrum into 10 knot increments ranging
from 80 knots to 170 knots. The DCIA procedure is to be carried out with the use of the
CRDA. The CRDA ghosts against which the controller sets up the spacing include a speed
indicator block which is the computer-derived ground speed of an actual aircraft. Computer-
derived speeds are shown rounded to the nearest 10 knots. For example, aircraft with a
ground speed of 127 knots would show a '13' in the speed data block on the controller's
display to represent 130 kts. For this reason the DCIA model makes a conservative
assumption when determining the actual physical speed to use for a given speed class. The
actual speed used depends on whether the specified aircraft is leading or trailing. If the
aircraft is leading, then the DCIA model chooses the lowest speed in the speed range that
would represent that speed class (e.g., a nominal 120 knot leading aircraft will be modeled
as having a final approach speed of 115 knots). If the aircraft is the trailing aircraft, then the
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DCIA model chooses the highest speed that would represent that speed class (e.g., a nominal
150 knot trailing aircraft will be modeled as having a final approach speed of 154 knots).

Because of the the way speed block rounding is modeled, the DCIA model will show a
deleterious speed differential of 9 knots for "equal speed aircraft." This fact plus the fact that
there is always an acceleration differential applied (even for the same type aircraft in a
scenario) means that it is always possible to find a geometry (albeit extreme) for which a
given stagger may be degraded to less than the required separation, even for the scenarios
that pair the same aircraft types at the same final approach speed.

3.4.4 Factors Not Modeled in the DCIA Procdure

There are several factors not modeled in the DCIA analytic model. These include: aircraft
drift due to wind, variable winds by altitude, climbs, indicated/true air speed correction; and
variations on the exact moment of execution of the missed approach (i.e., late/early miss at a
given decision height). These factors will be discussed in turn with an explanation of the
reasons for not modeling them.

Winds by Altitude. Worst case, constant winds are always used in the DCIA model.
Variable winds by altitude are not modeled in the DCIA procedure. This is
consistent with the St. Louis simulation which also used a constant wind field.
However, the DCIA wind field is more conservative than those specified in the
St. Louis simulation6 in that the worst case wind is applied to every sceanrio. Wind
shear is not modeled.

Indicated Airspeed Correction. No explicit correction was made for the conversion
from indicated airspeed to true airspeed for three reasons: (1) the effect is small over
the altitude range of final approach (typically under 2000 feet AGL), (2) the error, in
any case, is in the same direction for both aircraft, and (3) the effect as measured in
the St. Louis simulation was on the order of 0.05 nmi which is over an order of
magnitude smaller than the separation criteria being measured.

Drift. Drift due to wind is not modeled in the DCIA model. Again that effect in the
St. Louis simulation was shown to be on the order of 0.05 nmi in terms of final
separation.

6 Winds in the St. Louis simulation where specified by a Missed Approach Test Plan
(Gilligan, 1991b) which, in effect, performed a sampling of worst case factors into a
given scenario, never combining all worst case factors into one scenario. In effect the
DCIA model combines all worst case factors into ev= scenario.

3-17



Pilot Deviations. Deviations from the published straight-out missed approach
procedures are not modeled in the DCIA procedure.

Climbs and Descents. Explicit altitude changes in either the leading or the trailing
aircraft are not modeled. In regard to descents, the deceleration zone of the trailing
aircraft is consistent with the normal approach along the 3 degree ILS glide slope.
As for climbs, the ground speed of the trailing aircraft is determined consistent with
the St. Louis simulation which did explicitly model aircraft altitudes. Any altitude
separation achieved only adds to the safety of the encounter. However, no altitude
separation considerations were used in determining safe operations in this analysis.

3.4.5 Conservative Nature of the DCIA Model.

The DCIA model as described in this section was applied to derive geometry-dependent
procedures that provide at least 1 nmi horizontal separation (in the case of a leading
non-heavy aircraft) and at least 76 seconds wake vortex avoidance protection. This margin
of safety is provided for the following unlikely (and additive) combination of deleterious
events: the leading aircraft misses its approach; the stagger is the minimum allowed; there is
no radio contact with either aircraft; the trailing aircraft misses its approach; the weather
conditions preclude "see and avoid" techniques by either aircraft; the wind conditions are
such that the worst allowable wind is operative at the time of the consecutive missed
approach event; and that for some reason the leading aircraft cannot or does not accelerate
while the trailing aircraft accelerates to the intersection even though dependent staggered
approaches are in effect. And finally, the combination of aircraft is such that there is a
significant speed differential between the two aircraft, and that the slower aircraft is the
leading aircraft. And, as described previously, the aircraft are modeled as flying with final
approach speeds at the low end of the speed range (for quantization to nearest 10 kts) for the
leader and at the high end of the speed quantization range for the trailer so that their apparent
speed differential is maximized. This combination of events is extraordinarily unlikely.
Therefore, the safety of this procedure is based on protection against an event that will
minimize the separation between the aircraft and that event is very unlikely to happen. Other
events that are more likely to happen will result in greater separation between the aircraft.

3.5 VALIDATION OF THE MODEL

This section describes some of the verification and validation excercises that were applied to
the St. Louis model on which this analysis is based. The construction of the original
St. Louis missed approach model followed the suggestions of Law and Kelton (1982).
Among other things, the model itself was developed with a "high face validity", meaning that
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the missed approach model conforms to reasonable expectations of knowledgeable
individuals (in this case pilots, St. Louis operational personnel, and FAA staff).

The methodoldogy used to develop the St. Louis simulation as an evolving prototype was
briefed to the FAA several times, including a final critical design review (CDR). The code
was written in structured and modular form, separating logic and data, and was delivered to
the FAA for review and scrutiny. The St. Louis simulation was designed in such a way that
an audit trail was automatically generated for each scenario that included all of the input
parameters and all ielevant results on a "scan by scan" basis with one second resolution. The
FAA's written report (Richards, 1991) endorsed the methodology and findings of the
St. Louis simulation. The St. Louis simulation in its TRACON playback mode was
demonstrated to representatives of the FAA. Finally, the simulation was compared to actual
consecutive missed apprcach events that were conducted at St. Louis in July 1991 for the
purpose of demonstrating the safety of the DCIA procedure.

The DCIA model which was developed from the St. Louis simulation was also checked for
internal consistency over the range of parameters of interest. In addition, the DCIA model
was implemented with mor detailed acceleration assumptions to check accuracy of the
models an4 calculations. Section 4.2 and appendix E discuss the results of these validation
efforts in more detail.
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SECTION 4

ANALYSIS

4.1 ANALYSIS PROCEDURES

The model described in section 3 was implemented in a spreadsheet in order to yield the
distance and time separation of the aircraft at the intersection. An example of the output of
such a spreadsheet is given in table 4-1.

Table 4-1. DCIA Analysis Spreadsheet Example

&vkh
L.d T-X Tmai T-X FASL FAST SpMin TMm SpMm TMin Min Sep Mm Tow

250 Mm MSuM*
260 Leidr Rwy T-X
2600 Tmler Rwy T-X

2 S"W Dinas
S St,•, ggwOi D.m

2600 2600 75 154 121 121 1.21
2800, 2600 75 164 1.12 1.12 1.12
2600 2600 75 174 1.01 1.01 1.01

U

2600 2600 as 154 143 1.43 1.43
2600 2600 86 164 1.35 1.36 1.35
2600 2600 85 174 128 1.28 1.28

100
2600 2600 96 154 1.57 1.57 1.57
2600 2600 95 164 151 1.51 1.51
2600 2600 95 174 1 46 1.45 1.45

110
2600 2O00 106 154 1.67 1.67 1.67
2600 2600 106 164 1.62 1.62 1.62
2600 2600 105 174 1.57 1.57 1.57

120
2600 2600 115 154 1.74 101 1.74 101 1.74 101
2600 2600 115 164 1.70 95 1.70 96 1.70 95
2600 2600 115 174 1.66 91 1.66 91 1A66 91

130
2600 2600 125 154 1.0 103 1.80 103 1.60 103
26W0 2600 125 164 1.77 9 1.77 96 1.77 96
2600 2600 125 174 1.73 92 1.73 92 1.73 92
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This spreadsheet accounts for all of the factors such as wind, decelerations, and accelerations
but only displays the factors that will be varied. The basic parameters are the altitude at
which the aircraft will miss, the distances from the runway threshold to intersection of each
runway and the stagger distances required for heavy and non-heavy leading aircraft. Each
line of the spreadsheet contains the results for the pairing of different speeds of aircraft. For
instance, the first row shows an 80 kt aircraft leading' (75 kts is the lower end of the 80 kt
range) and a 150 kt aircraft trailing2 (154 kts is the upper end of the 150 lkt range). The
separation at the intersection3 is 1.21 nmi. If the runways were switched and the 80 kt
aircraft were leading on the other runway, then the separation (Switch SepMin) would still
be 1.21 nmi because the distances from the threshold to the intersection in this case is 2600
feet for both runways. The column labeled "MinSep" is the minimum of the two SepMin
columns. The TMin columns are the time separations for the heavy leading situations. The
slowest heavy aircraft is modeled with a final approach airspeed of 120 kts so the other
entries slower than this are left blank.

Since the minimum distance and time separations result from combinations of slow leading
aircraft with fast trailing aircraft, only the slowest and fastest speed groups need to be
considered. Because aircraft up to 120 kts can be restricted to the runway with the shorter
threshold to intersection distance only leading aircraft with speeds up to 130 kts need to be
considered. The slowest heavy leading aircraft are covered by this speed group range. For
the fastest trailing aircraft one needs to consider the 150 kt through 170 kt speed groups.
The 150 kt speed group is included here because the 160 kt and greater aircraft can be
"excepted" from the procedure.

The analysis methodology was designed to find those ranges of runway threshold-to-
intersection distances for which a common set of restrictions would apply. For instance,
from table 4-1 one can see that when the threshold-to-intersection lengths for both runways
were 2600 feet, the separation at the intersection following a consecutive missed approach
between the 80 kt leading aircraft and the 170 kt trailing aircraft would be 1.01 nmi. (It i,
not exactly 1.00 nmi because the threshold to intersection distances have to be integral
numbers of 100 feet.) When an 80 kt leading aircraft and a 170 kt trailing aircraft yields at
least a 1.00 nmi separation, and a 76 second minimum time separation (it is 91 seconds in

1 FASL is -&.nW Approach Speed of the Leader"

2 FAST is "Final Approach Speed of the Irailer"

3 SepMin is the minimum separation after taking into account the worst case wiad
conditions.
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the example in table 4-I), the operation is unrestricted. In other words any aircraft can be
paired with any other aircraft on either runway.

This establishes 2600 feet as a "breakpoint" for the shorter and longer threshold-to-
intersection distances. In other words, any configurations with threshold-to-intersection
distances less than 2600 feet could safely support an unrestricted DCIA procedure with 2
nmi stagger behind a non-heavy aircraft and 5 nmi stagger behind a heavy aircraft. Being
safe means that the minimum separation at the intersection would be greater than 1.00 nmi
behind a non-heavy aircraft and 76 seconds of time separation behind a heavy aircraft. If
either runway's threshold-to-intersection distance were greater than 2600 feet, then an
unrestricted DCIA procedure with a (2,5) stagger4 could result in an intersection separation
of less than 1.00 nmi behind a non-heavy aircraft or a time separation of less than 76 seconds
behind a heavy aircraft.

The analysis then proceeds to find the conditions under which a runway configuration can be
operated safely with the shorter threshold-to-intersection distance being 2600 feet and the
longer threshold to intersection distance being greater than 2600. Consider the spreadsheet
in table 4-2. This table shows that a longer threshold-to-intersection distance of 3200 feet
results in an intersection separation of 1.02 nmi between an 80 kt leading aircraft and a 150
kt trailing aircraft. However, because a 1.00 nmi separation cannot be assured over the
entire range of approach speeds (i.e., between an 80 kt and a 170 kt aircraft) then there needs
to be a restriction. One could express such a restriction for this case in two ways. One could
either say not to pair 80 kt or less leading aircraft with 160 kt or greater trailing aircraft or
just not let 160 kt or greater aircraft be staggered 2 nmi behind any other aircraft. This last
restriction is obviously more restrictive than the former5. The criteria for the leading heavy
is also covered in this situation with 89 seconds if the "do not pair 80 kt with 160 kt aircraft"
restriction is observed or 100 seconds if the "except 160 kt aircraft" restriction is observed.

The next breakpoint is found at 4500 feet for the longer threshold to intersection distance
(see table 4-3). There are several ways in which this table can be interpreted. Notice that in
several places the separation is less than 1.00 nmi, sometimes as little as 0.15 nmi. Recall
that the left-most "SepMin" column gives the separation when the leading and trailing

4 The nomenclature (x,y) when associated with a stagger means that the minimum required
stagger behind a non-heavy aircraft is x nmi while the minimum required stagger behind
a heavy aircraft is y nmi.

5 In this analysis the 160 kt and 170 kt speed groups are always grouped together because
the entire range represents a limited number of aircraft types and to further differentiate
these groups would not make a difference operationally.
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Table 4-2. Second Breakpoint Spreadsheet

Load T-X Trail T-X FASL FAST SepMin TMin SqpMin TMIn Min Sep Min Time

250 hiss ANtdufd
2600 Loader Rwy T-X
3200 Trailer Rwy T-X

2 Staer Distamn
5 Hta Stagw Dstnc

2600 3200 75 1 1.21 1.02 1.02
2600 3200 75 1 1.11 0.88 0.88
2600 3200 75 17 0.99 0.74 0.74

9O
2600 3200 85 1 1.43 1.30 1.30
2600 3200 8 1 1.35 1.20 1.20
2600 3200 85 17 1.28 1.11 1.11

1U0
2600 3200 95 1 1.57 1.47 1.47
2600 3200 95 1 1.51 1.40 1.40
2600 3200 95 17 1.45 1.33 1.33

110
2600 3200 105 1 1.67 1.59 1.59
2600 3200 105 1 1.62 1.53 1.53
2600 3200 105 17 1.57 1.47 1.47

120
2600 3200 115 1 1.74 101 1.68 100 1.68 100
2600 3200 115 1 1.70 96 1.63 93 1.63 93
2600 3W00 115 17 1.68 90 1.56 89 1.58 89

130
2600 3200 125 1 1.80 103 1.76 101 1.76 101
2600 3200 125 1 1.77 96 1.71 95 1.71 95
2600 3200 125 17 1.73 92 1.66 91 1.66 91

threshold-to-intersection distances are as shown in that row (i.e., the shorter distance
associated with the leading aircraft). The "Switch SepMin" column reverses the runways
that the leading and trailing aircraft use. Therefore, in order to avoid separations of less than
1.00 nmi one could restrict the slower aircraft to the runway with the shorter threshold-to-
intersection distance. Notice in table 4-3 that if this condition were applied to aircraft with
approach speeds of 90 kts or less most of the separations would be greater than 1.00 nmi.
However, when an 80 kt aircraft is leading, the separation resulting from a 170 kt trailing
aircraft could be only 0.93 nmi. If a restriciton of not pairing a leading 80 kt or less aircraft
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Table 4-3. Third Breakpoint Spreadsheet

Lae T-X Trail T-X FASt FAST Sepn TM Sep Tin Min Sep Min Time

260 Miss A7l91111
MO0 Leader R" T-X
4500 Traie Rwy T-X

2 Stawer Dislano.
5 St/aUgger Ohl

2600 4500 75 154 1.19 0.58 0.58
2600 4800 75 164 1.05 0.35 0.35
2600 4800 75 174 0.93 0.15 0.15

go
2600 4600 86 154 1.43 1.01 1.01
2600 4800 85 164 1.35 0.85 0.85
2600 4800 86 174 1.25 0.69 0.69

I o
2600 4500 95 154 1.57 1.25 1.25
2600 4800 95 164 1.51 1.16 1.16
2600 4600 96 174 1.48 1.06 1.05

110
2600 4500 "106 154 1.67 1.42 1.42
2600 4600 105 164 1.62 1.34 1.34
2600 4800 106 174 1.57 1.25 1.25

120
2600 4500 115 154 1.74 101 1.55 96 1.55 95
2600 4800 115 164 1.70 94 1.48 90 1.48 go
2600 4800 115 174 1.66 8s 1.40 85 1.40 86

130
2600 4600 125 154 1.80 103 1.66 99 1.66 go
2600 4500 125 164 1.77 96 1.599 2 1.59 02
2600 4800 12S 174 1.73 90 1.53 88 1.53 88

with a 160 kt6 or greater aircraft were imposed, then the separation of 0.93 nmi would be
eliminated. Therefore if both the restriction to the shorter threshold-to-intersection runway
and the "no pairing" restriction held, then for all other combinations of speed groups the
required 1.00 nmi intersection separation would be satisfied.

6 The aircraft with approach speeds of 160 kts and 170 kts are grouped together for the
purposes of this analysis for the reasons explained in the previous footnote.
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This is not the only set of restrictions that could apply here, however. Notice that if the 160
kt or greater aircraft were "excepted" and the 80 kt or less aircraft were restricted to the
runway with the shorter threshold-to-intersection distance the same effect could be achieved.
Furthermore, not pairing the 90 kt or less aircraft leading with the 160 kt or greater aircraft
and restricting the 80 kt or less aircraft to the runway with the shorter threshold to
intersection distance could also achieve the same effect. Depending on the traffic mix at the
airport in question, one or another of these restrictions may be more appropriate. In
table 4-3 the time separation behind a heavy is not an issue with a minimum time separation
of 86 seconds.

The process of finding the next longer threshold-to-intersection distance which gives an
intersection separation of equal to or greater than 1.00 nmi and 76 seconds for various
approach speed combinations is continued until no restrictions of the types listed in table 3-1
can be applied. When this limit is reached, the next shorter threshold-to-intersection
breakpoint is found. This is the threshold-to-intersection distance where the 90 kt and more
aircraft are unrestricted. This happens at 3400 feet as shown in table 4-4. In this case the 80
ki or less aircraft have to be excepted. This entire process is continued until absolutely all of
the restriction possibilities are exhausted.

All of the foregoing analysis was done assuming that the stagger distances were 2 nmi and 5
nmi for non-heavy and heavy leading aircraft, respectively. According to the conditions
agreed to in table 3-1. the stagger distances for non-heavy leaders could also be 2.5 nmi and
3 nmi and the stagger distance for heavy leaders could also be 6 nmi. With the "breakpoints"
defined for 2 nmi and 5 nmi stagger, the spreadsheets were run again for the other
combinations of stagger distances. Each of these spreadsheets with other stagger distances
were interpreted to derive the restrictions which would insure the proper intersection
separations. As will be seen in the results in section 5, increasing the stagger distances
reduces the severity of the restrictions. Of course, the tradeoff is that the capacity will be
lowered.

This entire procedure was then repeated for the miss altitudes of 500 and 700 feet.

The final element of the analysis was to determine the appropriate stagger distances for the
aircraft that were "excepted." The basic rule for considering "excepted" aircraft is that if
there is a runway restriction (e.g., restrict 80 kt or less aircraft to the runway with the shorter
threshold to intersection distance) for a given runway configuration, then that restriction still
applies when the "excepted" aircraft is allowed to be part of the procedure. Consider
table 4-5 as an example of how such a case is analyzd. In this example there is a 110 kt
restriction (meaning that aircraft which are 110 kts or less must be assigned to the runway
with the shorter threshold-to-intersection distance). This means that a 120 kt aircraft must be
separated from a 170 kt aircraft by 1.00 nmi for all situations (i.e., runway assignment and
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Table 4-4. Next Shorter Threshold to Intersection Breakpoint Spreadsheet

Lad T-X Tral T-X FASL FAST SopMhn Win SapMkn TMin Mi Sep Mi Tim

260 Ma.. Ade
3400 Leder Rwy T.X
3400 Tratir Rwy T-X

2 S"ger Diaanoe

so
3400 3400 75 164 0.94 0.94 0.94
3400 3400 75 164 0.77 0.77 0.77
3400 3400 75 174 0.61 0.61 0.61

90
3400 3400 85 154 1.26 1.26 1.26
3400 3400 86 164 1.15 1.15 1.15
3400 3400 86 174 1.02 1.02 1.02

100
3400 3400 96 154 1.44 1.44 1.44
3400 3400 96 164 1.37 1.37 1.37
3400 3400 95 174 1.29 1.29 1.29

110
3400 3400 106 154 1.6 1.56 1.56
3400 3400 105 164 1.50 1.50 1.50
3400 3400 106 174 1.44 1.44 1.44

3400 3400 115 154 1.66 99 1.66 99 1.66 99
3400 3400 115 164 1.61 92 1.61 22 1.61 92
3400 3400 115 174 1.56 88 1.55 88 1.55 88

130
3400 3400 125 154 1.74 101 1.74 101 1.74 101
3400 3400 125 1 1.69 94 1.69 94 1.69 94
3400 3400 125 17 1.64 90 1.64 90 1.64 90

leading/tailing status) and all 110 kt or less aircraft must be separated from all other aircraft
by more than 1.00 nmi when the 110 kt or less aircraft are assigned to the runway with the
shorter threshold-to-intersection distance. In table 4-5 the non-heavy stagger distance was
determined such that the 120 kt leading/170 kt trailing case is separated by exactly 1.00 nmi.
At the same time the heavy stagger distance was determined such that the 120 kt leading
heavy/170 kt trailing case is separated by exactly 76 sec. The 3.3872 nmi non-heavy stagger
distance was then rounded up to 3.5 nmi and the 6.3228 nmi heavy stagger distance was
rounded up to 7 nmi in keeping with the half-mile stagger increments for non-heavy leading
aircraft and the one mile stagger increments for heavy leading aircraft found in table 3- 1.
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Table 4-5. Excepted Aircraft Analysis With Restriction

Load T-X Trai T-X FASL FAST SpMhin Tmin SopMIn TMin Min Sep Min T'me

3400 L,,W Rwy T-X
17800 Trltr Flay T-X

3.3872 Stagger DlWon
6.3IS H Sage D~sW~r

3400 17900 75 154 2.02 -2.79 -2.79
3400 17900 75 164 1.61 -3.73 -3.73
3400 17800 75 174 1.43 -4.32 .4.32

W
3400 17900 95 154 2.39 -1.08 .1.06
3400 17800 85 164 2.07 -1.73 -1.73
3400 17800 86 174 1.92 -2.18 .2.18

100
3400 17900 96 164 2.66 0.07 0.07
3400 17800 96 164 2.38 -0.34 -0.34
3400 17800 96 174 2.26 -0.70 -0.70

110
3400 17800 106 164 2.81 0.79 0.79
3400 17800 105 164 2,62 0.54 0.54
3400 17800 106 174 2,51 0.30 0.30

123
3400 17800 115 164 2.94 119 1.38 87 1.36 87
3400 17800 115 164 2.78 104 1.20 81 1.20 81
3400 17800 115 174 2.70 98 1.00 76 1.00 76

130
3400 17800 125 154 3.04 121 1.79 97 1.79 97
3400 17900 125 164 2.90 106 1.66 90 1.66 90
3400 17800 125 174 2.83 100 1.51 as 1.51 as

If the runway configuration does not require a restriction, then including an "excepted"
aircraft into the operation means that an 80 kt leading aircraft and a 170 kt trailing aircraft
must be accommodated. An example of the analysis for this situation is shown in table 4-6.
The non-heavy separation at the intersection between an 80 kt leading aircraft and a 170 kt
trailing aircraft is 1.00 nmi. The stagger to achieve this is 2.2151 nmi. At the same time the
required heavy stagger to achieve 76 seconds between a 120 kt leading heavy and a 170 kt
trailing aircraft is 4.3542 nmi.
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Table 4-6. Excepted Aircraft Analysis With Restriction

Load T-X TraI T-X FASL FAST S"W 7Wi SepMmn TMin Miin Sep Miln Tne

250 Miss Almtud
2600 Lmder Rwy T.X
3200 Triler Rwy T-X

2.2151 Stone Otanto
4.542 H14 y n Dlswoc

2600 3200 75 154 1.43 1.24 1.24
2600 3200 75 164 1.33 1.13 1.13
2600 3200 75 174 1.24 1.00 1.00

g
2600 3200 a5 154 1.66 1.51 1.51
2600 3200 86 164 1.57 1.42 1.42
2600 3200 85 174 1.49 1.32 1.32

100
2600 3200 95 154 1.78 1.68 1.68
2600 3200 96 164 1.73 1.62 1.62
2600 3200 96 174 1.67 1.54 1.54

110
2600 3200 106 154 1.86 1.80 1.80
2600 3200 106 164 1.83 1.74 1.74
2600 3200 106 174 1.78 1.68 1.68

120
2600 3200 115 154 1.96 88 1.90 as 1.90 as
2600 3200 115 164 1.91 82 1.84 80 1.84 80
2600 3200 115 174 1.87 77 1.79 76 1.79 76

130
2600 3200 125 154 2.02 89 1.97 88 1.97 88
2600 3200 125 164 1.9M 83 1.9382 1.93 82
2600 3200 125 174 1.94 79 1.88 78 1.88 78

4.2 SECOND ORDER MODEL

A second order model was developed independently of the model described in section 3 and
was used for three verification and validation functions:

a. Verification of the model equations and software
b. Evaluation of the stability of model's numerical calculations
c. Corroboration of DCIA procedure restrictions
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Conceptually. the second order model and the original DCIA model described in section 3
are the same except the second order model models the trailer missed approach maneuver
(from the missed approach point to the intersection of the runway centerlines) using a
constant acceleration rather than an instantaneous increase in speed. The constant
acceleration is chosen so that if there were no wind the trailing aircraft would reach the
intersection of the runway centerlines at the sume time as it would have using the original
model. Because wind is constant in both models, it follows that the trailer reaches the
intersection of the runway centerlines at ,he same time in both models even when wind is
taken into account.

Because both models are identical except for the missed approach maneuver of the trailing
aircraft, the separation computed by both models is the same if the trailing aircraft has not
yet reached i's missed approach point when the leader reaches the intersection of the runway
centerlines. In the original model, the trailing aircraft takes a time, say T, to travel from its
missed approach point to the intersection of the runway centerlines. The second order
model's acceleration causes the trailing aircraft to attain the missed approach speed used in
the original model at time T/2. Therefore, until time T/2 the second order model's trailing
aircraft is traveling slower than the orginal model's trailing aircraft. Since the trailing
aircraft reaches the intersection of the runway centerlines at the same time in both models, it
follows that during the missed approach maneuver, the second order model's trailing aircraft
is always behind the the original model's trailing aircraft. This implies that the separation
computed by the second order model is always at least as large as that computed by the
original model described above. Therefore, the second order model is slightly less
conservative than the original model. Moreover, because the two models are so similar and
the acceleration is a second order effect, the separations they compute are comparable.

The orginal model was implemented as a spreadsheet model on an IBM PC compatible
computer while the second order model was developed and implemented independently
using the Mathematica programming language on a Macintosh computer 7. Hence, direct
comparison of equations and model outputs were sufficient to verify the original model's
equations and software. The results of this comparison can be found in section 5.3.

7 IBM is a registered tradmark of the International Business Machines Corporation,
Macintosh is a registered trademark of Apple Computer, Incorporated, and Mathematica
is a registered trademark of Wolfram Research, Inc.
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SECTION S

RESULTS

5.1 GENERAL DCIA PROCEDURE

The analysis that was described in section 4 was performed and the results are shown in
tables 5-1, 5-2 and 5-3. These tables are appropriate for decision heights of 250 feet or less,
decision heights between 251 feet and 500 feet, and decision heights between 501 feet and
700 feet, respectively. These tables have been set up to allow a facility with a given runway
configuration to determine which stagger distances and which restrictions apply to their
operations. The following discussion lists the steps necessary to be taken by a facility to use
the table.

1. Identify all the runway configurations for which the facility wishes to use the
DCIA procedure. For each runway configuration, follow steps 2 through 6 below.

2. Determine the point of intersection of the two converging runways or their
"extended centerlines. Determine the distances from each runway threshold to the
intersection point.

3. Determine the decision heights for each runway and select the larger of the two
decision heights.

4. If the decision height determined in step 3 is 250 ft or less, use table 5-1. If the
decision height determined in step 3 is between 251 ft and 500 ft, use table 5-2.
If the decision height determined in step 3 is between 501 ft and 700 ft, use
table 5-3.

5. Within the table chosen in Step 4, go to the row that covers the runway
configuration (i.e., the combination of threshold-to-intersection distances
determined in step 2) to find the DCIA procedure that the facility may use for this
configuration. The procedure is determined by the stagger value required and
certain restrictions and/or exceptions. All of the options provide the required
level of safety. The tradeoff is between the potential throughput and the severity
of the restrictions. If several options are identified, the facility inay select one
that is most operationally suitable. It is expected that the facility will express the
restrictions and exceptions in terms of aimraft types (e.g., 80 kt or less aircraft
could be classified as single engine general aviation aircraft) that are meaningful
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Table S-I. DCIA Procedure for Decision Heights of 250 ft or Less

DCIA Procedure
Shorter distance Longer distance from Stagger aircraft to converging runways for

from threshold to threshold to using indicatd stagger dismances
inteaction intersection sestrt noted irt

Up to 2600 ft Up to 2600 ft 0 No rensicfisMau erurle is (2,") NA
2 Upto2600 ft 2601 ft to3200 ft 0 Donot puir 80kt or less aircraft NA

leading with 160 kl or greater aircraft
railing; stagger rule i (2,5)

or
0 Except 160 kIt or greater aircraft; (2.5,5) or

stagger rule is (2,5) skip a slot
or
0 No restrictions; stagger rule is NA

(2-,S)
3 Up to 2600 ft 3201 ft to 4500 ft 0 Restrict 90 kt or less aircraftto NA

runway with shorter threshold to
intersection distance ad do not pair
80 kt or less aircraft leading with 160
kt or greater aircraft trailing; stagger
rule is (2,5)

or

0 Restrict 80 kt or less aircraft to (2.5,5) or
runway with shorter threshold to skip a slot
intersection distance and except 160
kt or greater aircraft; stagger rule is
(2,S)

or
• Restrict 80 kt or less aircraft to NA

runway with shorter threshold to
intersection distance and do not pair
90 kt or less aircraft leading with 160
kt or greater aircraft trailing; stagger
rule is (2,5)

or
0 Restrict 80 kt or less aircraft to NA

runway with shorter threshold to
intersection distance; stagger rule is
(2.5,I)

or
0 Do not pair 80 kt or less aircraft NA

leading with 160 kIt or greater aircraft
trailing; stagger rule is (2.5,5)

or
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* No resrictios gmaer rule is (3,S) NA
4 Up io2600 ft 4501f to 5900 ft Rerict90 ktor lesaircrf to NA

rnway with sdhn thleShold to
imwuecndon disnce maud do not pair
100 ki or lou aircraft leading with
160 ki or greaer aircraft tualing;

"Wr rule is (2,S)
or
* Retrict 90tor less aircraft to (2.5.5) or

uniway with shmree threshold to skip a slot
inlrection disance mad except 160
kt or peer aircrakf ster rue is
(2,S)

or
* Resrict 100 kt or less aircraft to NA

runway with hote threshold to
intersection distance and do not pair
80 kt or less air-af leading with 160
kt or greater aircraft triling; stagger
rule i (2,5)

or
0 Restrict 90 kt or less aircraft to NA

runway with shorter threshold to
interection distance; stauer rule is
(2.SS)

or
0 Restrict 80 k or less aircraft to NA

runway with shote threshold to
interction distance amd do not pair
90 kt or less aircraft leading with 160
kt or greater aircraft trailing; stagger
rule is (2.3S)

or
0 Do not pair 80 kt or less aircraft NA

leading with 160 kt or greater aircraft
trailing;, stager rle is (3,5)

or
0 Restrict 80 kt or less aircraft to NA

runway with shorer threshold to
intersection distance; stagger rule is

-(3P
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5 Up to 2600 ft 5901 ft to 7500 ft 0 Restrict 100 k or less aircraft to NA
noway with shorter threshold to
ieruti distance smi do not pair
110 kt or less aircraft leading with
160 kt or greater aircraft trailing;
Muw rub is (2,5)

or
0 Restrict O0ktor less aircraft to (2.5,.5) or

runway with short threshold to skip a slot
intmuction distace mid except 160
kt or greater aicraft ser rule is
(2,5)

or
SRestrict 1l0ktor lessaircraft to NA

runway with shoter threshold to
intersection distance aWd do not pair
80 kt or lessaircraft leading with 160
kt or greater aircraft trailing: stqager
rulei (2,5)

or
* Restrict l0Okor iessaircraft to NA

runway with shorter threshold to
intersection distance; staler rule is
(2.,5)

or
0 Restrict 90 kd or less aircraft to NA

runway with shorter threshold to
intersection distance md do not pair
100 kt or less aircraft leading with
160 kt or greater aicraft trailing;
stager rub is (2.S,5)

or
0 Restrict 90 kto r less acraft to NA

runway with shorter threshold to
intersection distace; stagber rule is

6 Up to 2600 ft 7501 ft to 9700 ft * Restrict 10 kt or less aircraft to (2.5,6) or
nmway with shorter threshold to skip a slot
intersection distance and except 160
kt or greater aircaft; staer rle is
(2,5)

or
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SRestrict lO0ktor less aircraf to (2.5.6) or
runway with shorer threshold to skip a slot
intersection distance and except 160
kor greater aircra soa "r rle is
(2-5,S

0 Reutrict 90 or less aircraft to (3.6)"or
runway with slimitr threshold to skip a slot
intersection distance and except 160
k or greater ai• ,ft staner rue i
(3,S)

or

0 Restrict 10 I0• or less aircraft to (2.5,6) or
runway with shorer threshold to skip a slot
intersection distance amd except 160
kt or greater aircraft; stogger rule i

(2,)

• Restrict ll0 kt or less aircraft to NA
runway with shorter threshold to
intersection distance; stagger rule is
(2-5,6)

or
* Restrict 100 kt or less aircraft to NA

runway with shorter threshold to
intersection distance; stabger rule is

7 Up to 2600 ft 9701 ftto 10600 ft * Resict 120kt or less aircraft to (2.5,6) or
runway with shorter threshold to skip a slot
intersection distance asd except 160
kt or greater aircmft; stagger rule is
(2,S)

or
* Restrict l00ktorless "craftto (2.5,6) or

runway with shorter threshold to skip a slot
intersection distance and except 160
kt or greater aicraft stagger rule is
(2-.55)

or
0 Restrict 90 ki or less aircraft to (3.5,6) or

runway with shorter threshold to skip a slot
intersection distance and except 160
kt or greater aircraft, stoaer rule is
(3,S)

or

5-5



0 Restrict 110 ]aorless aircraft to NA
rnuway with shorter threshold to
inkneuction distance; s.uer rule i
(MSA)

* Restict100 ktor lessaircraft to NA
ninway with Ior~ thFreshold to
izmuvectia. distance; rob in

8 Up to 2600 ft 10601lfttol12200 ft *bResrict 110kt or leasaircraft to (3,6) or
noaway with shonae threshold to skcip a slot
iinuoction d&==nc Sod except 160
ki or greater aircraft sumr rue is
(2.5,S)

or
* Restict110 kt or less aircraft to NA

rnuway with shorte threshold to
intersection distanc; Sumger ruleis
(2.5,)

or
* Restrict 100It or less aircraft to (3.5,6) or

runway with showte threshold to skip a slot
intursection disaence aMW except 160
kt or greater aircraft; atawr rule i
(3,S)

or
*Restrict 120It or less aircraft t NA

runway with shorter threshold to
intersection distance; stagge rule is
(2.3,6)

or
0 Resrct 110ktor less aircraft to NA

runway with shorter threshold to
intersection distance; sbager rule is

_____ _____ (3CA
9 Upto 2600 It 12201 ft to13900 ft * Restrict110 kt or lessaircraft to (3.6) or

runway with shoer~ threshold to skip a slot
intersection distance Sod except 160
kt or greate aircraft Sumer rule is
(23,6)

or
* Restrict 100It or less aircraftto NA

runway with shorter threshold to
intersection distance; Stamer rulein

_____ _____ (3A6
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10 Up to 2600 ft 13901 ft to 17600 ft * Restrict 120 kt or less aircraft to (3,7) or
nmway with shorter threshold to skip a slot
intersection distance iad except 160
kt or greater aircraft. Maer rule is

I I Upto 2600 ft 1760ft to19700 ft * Restrictl20klorlessaircrmftto (3,7)or
rtmway with shorter threshold to skip a slot
insesection distance mad except 160
kt or greater aircraft; stagger rule is
(3A) _.

"12 2601 ft to 3400 ft Up to3400 ft * Except 80 kt or less aircraft; stagger (2.5,5) or
rule i (2,S) skip a slot

or
0 No restictions; stagger rule is NA

13 2601 ft to 3400 ft 3401 ft to4000 ft * Resrict90ktor less aircraft to (2.5,5) or
nmway with shorter threshold to skip a slot
intersection distance mad except 80 kt
or less aircraft; stagger rule is (2,S)

or
SDo not pair 90 kt or less airraft (3,5) or

leading with 160 kt or greater aircraft skip a slot
trailing md except 80 kt or less
aircraft; stagger rale is (2,5)

or
0 Restrict 80 kt or less aircraft to NA

nmway with shorter threshold to
intersection distance; stagger rule is
(2.5,S)

or
* Do not pair 80 kt or less aircraft NA

leading with 160 kt or greater aircraft
trailing, stagger rule i (2.5,5)

or
* No restrictions " ta" r le is 3S) NA

14 2601ft to3400ft 4001 ftto5800 ft * Re•rict 90k or lss ircraft to (2.5,5) or
tunway with shomr teshold to skip a slot
inmeteion distance and do not pair
100 kt or less aircraft leading with
160 kIt or greater aimraft trailing and
except 80 kt or less aircraft; stagger
rule is (2,5)

or
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* Resit 90 kt or less aircraft to (2.5,5) or
nhnway with shoter threshold to skip a slot
intermection disance md except 80 kl
or lm aircraft md except 160 kt or
greater aircraft;• M er rule i (2,)

or
0 Restrict 90 k or les airraft to NA

naway with dhowr dreold to
mueruection distance; sta r rule i

SRetrict 80 kt or less aircraft to NA
nrway with sbov in t&seshd to
intensection distance mud do not pair
90 kt or less aircraft leading with 160
kt or greater aircraft trailing; stager
rule is (2.5,S)

or
* Restrict 80 k or less aircraft to NA

runway vitb shorter threshold to
intersection distance; uge rule is
(3,S)

or
0 Do not pmir 80 la or less aircraft NA

leading with 160 kt or greater aircraft
Srailing Mawr ruklis (3,S)

15 2601 ft to 3400 ft 5801 ft to 7500 ft * Restrict 100 kt or less aircraft to (2.5,5) or
rnmway with shortr threshold to skip a slot
intersection distance and except 80 kt
or less aircraft md except 160 kl or
great airrafk sawer rule is (2,5)

or
0 Restrict 100kt orless aircraft to NA

nmway with shorter threshold to
imrsection distance; stager rule is
(23S,5)

or
0 Restrict 90 kt or less aircraft to NA

runway with shorter threshold to
intersection distance mud do not pair
100 kt or less aircraft leading with
160 kt or greater aircraft trailing;
s~er rule is (2TS)

or
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0 Restrict 90 kt or less aircraft to NA
runway with shoe threshold to
intersection distance; sUa r rule s
(3,S)

or
* Restrict 80 k or less aircraft to NA

runway with shoner threshold to
intersection distance mrd do not pair
90 kt or lek aircraft leading with 160
kt or greater aircraft trailing- stagger
ruleui (3,P

16 2601 ft to 340 ft 7501 ft to 9700 ft 0 Restrict 110 kt or less aircraft to (3,6) or
runway with shoter dmtsold to skip a slot
intersection distance md except 80 kt
or less aircraft and except 160 kt or
greater aircraft; stagger rule is (2,3)

or

* Restrict 100 kt or less aircft to (3,6) or
rnway with shorter threshold to skip a slot
intersection distance md except 160
kt or greater aircraft stagger rule is
(23S,5)

or
* Restrict 90 kt or less aircraft to (3,6) or

runway with shorter threshold to skip a slot
intersection distance mau except 160
I or greater aircraft; stagger rule is
(3,S)

or
• Restrict ll0ktorlesss arcraftto NA

runway with shorter threshold to
intersection distance mSd do not pair
80 kt or less aircraft leading with 160
kt or greater aircraft trailing; stagger
rule i (2-5,6)

or
* Restrict 100kt or less aircraft to NA

runway with shorter threshold to
intersection distance; stagger rule i

"17 2601 ft to 3400 ft 9701 ft to 12100 ft 0 Restrict 120 kt or less aircraft to (3,6) or
runway with shorter threshold to skip a slot
intersection distance md except 80 kt
or less aircraft ad except 160 kt or
greater aicraft stawer ruk is (2,S)

or
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0 Restrict ll0ka or leusaircraft o (3,6) or
nmway with shortr meshold to skip a slot
intesction distance si except 160
bt or greater aircraft saWer rle i

or
* Reurict 100 b or let aircraft to (3,6) or

noway with shfter threshold to skip a slot
interection distance md except 160
kt or geater aircra••Maer rule is
(3,S)

or
• Rusrict 120ktor lemsaircraft to NA

runway with shorer threshold to
intersection distance sad do not pair
80 kt or less aircraft leading with 160
kt or greater akcraft trailing. stagger
rule is (2.5,6)

or
• Restrict 110 lO essaircraft to NA

runway with shorter threshold to
intersection distance; stagger rule s

18 2601 ft to 3400 ft 12101 ft to 13900 ft 0 Restrict 120 kt or less aircrafto NA
runway with shorter threhold to
intersection distance sad do not pair
90 kt or less aircft leading with 160
kt or reatr rairmaft trailing; stagger
rule is (2.3%)

or

0 Restrict ll0ktorlessaircraftto NA
runway with shorter threshold to
intersection distance; stagger rule is

______ (3,6)
19 2601 ft to 3400 ft 13901 ft to 17800 ft 0 Restrict 110 kt or less aircaft to (3.5,7) or

runway with shorter threshold to skip a slot
intersection distance mid except 160
kt or peater aircraft; mstoer rule is

______ (3,6)
20 3401 ftto4400 ft Up o4400 ft Except 80 ki or less•airaftad do (3.5) or

not pir 90 kta or less aircraft leading skip a slot
with 160 kt or greater aircraft trailing;
osgger rule is (2,S)

or
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SExcep 80 kt or les aircraft and (3.5) or
except 160k or greater aircraft; skip a slot
Ware r rul is (2,5)

or
0 Do nc pair 80 kt or less aircraft NA

leaofg with 160 kt or greater aircraft
vln stM ' rl is (2.S,5)

or
* No restrictions; Myam rule is (3,5) NA

21 3401 ft to 4400 ft 4401 ft to 5800 ft * Rouict 110 kt or le aircraft to (3,5) or
runway with shor threshold to skip a slot
ingerectain disw• and do not pair
100 kt or lIu aircraft leading with
160 kt or greater aircraft trailing and
except 90 kI or less aircaft; stagger
rule.is (2,5)

or
0 Except 90 kt or less aircraft and do (3.5,5) or

not pair 110 kt or less aircraft leading skip a slot
with 160 kt or greater aircraft trailing;
stagger rule is (2,5)

or
* Excep 90 kt or less aircraft and (3.5,5) or

except 160 kt or greater aircraft: skip a slot
stagger rule is (2,5)

or
* Restrict 90 kt or less aircraft to NA

runway with shorter threshold to
intersection distance md do not pair
80 kt or less aircraft leading with 160
kt or greater aircraft trailing; stagger
rule is (2.S,5)

or
* Restrict 80 ki or less aircraft to NA

runway with shorter threshold to
intersection distance md do not pair
90 kt or less aircraft leading with 160
kt or greater aircraft trailing. stagger
rule i (2.35)

or
0 Restrict 80 kt or less aircraft to NA

runway with shorter threshold to
intersection distance; stagger rule is
(3,S)

or
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* Do not pir 80 kt or less ircraft NA
leading with 160 kt or greater airft
t2tueilin A r rule is (3,S)

22 3401 ft to 4400 ft 5801 ft to 7400 ft Reasrict 100 km or leu aircraft to (3,5) or
runway with shorter threshold to skip a slot
iatersction dismnce and except 90 kt
or Icm airraft md except 160 kt or
geater aircraft: smaW rule is (2,.)

or
* Restrict 100 kt or lesa aircraft to NA

noway with shorter threshold to
intemction distance amd do not pair
Sokt or less airraftleading with 160
kt or greater aircraft trailing;, stagger
rule is (2-9,S)

or
0 Restrict 90 kt or less aircraft to NA

noway with shoter threshold to
intermction distance md do not pair
100 ki or less aircraft leading with
160 ka or greater aircraft trailing;
saer ruke is (2.5,S)

or
* Restrict 90 kt or less aircraft to NA

runway with shorter threshold to
intersection distacne: stagr rule is
(3,S)

or
0 Resrict 80 kt or lessa icraft to NA

runway with shorter threshold to
intersection distance md do not pai
90 kt or less aircraft leading with 160
kt or greater aircraft trailing; stagger

___ ___ ___ ruleis (3,S)
23 3401 ft to 4400 ft 7401 ft to 9600 ft Restict 110 or less aircraft to (3,6) or

runway with shoner threshold to skip a slot
intersection distance and except 90 kt
or less aircraft and except 160 kt or
greater aircraft, m mer re is (2,S)

or
* Restrict l00kt or less aircraft to (3,6) or

noway with shorter threshd to skip a slot
intersection distance and except 80 kt
or less aircraft sad except 160 ki or
greater aircraft; aer rule i
(2.5,5)

or
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0 Resrict 90 kt or less aircraft to (3.5.6) or
noway with sbonr threshold to skip a slot
intersection diasance msd except 160
kt or reater aircraft; saWr rule is

(3,S)
or
* Restrict 00 kt or leu aircraft to (3,6) or

nmway with shomt thrshold to skip a slot
interection distance mid except 80 kt
or lea aircrafti do not pair 110 kt
or lem aircraft leading with 160 kt or
gSema aircraft tailing; stagger rule
b (2.S,6

or
* Restrict 90 kt or less aircraft to NA

runway with shortr threshold to
intersection distance and do not pair
100 kU or less aicraft leading with
160 kt or greater aircraft bailing;
Mayer rule i (3,6)

24 3401 ft to 4400 ft 9601 ft to 12200 ft 0 Restrict 120 kt or less aircraft to (3.5,6) or
runway with shorter threshold to skip a slot
intersection distance amd except 90 kt
or Iss aiTcraft aid except 160kt or
greater aircraft; stagger rule is (2,S)

or
* Restrict 110 kt or less aircraft to (3.5,6) or

runway with shorter threshold to skip a slot
intersection distance md except 80 kt
or less aircraft md except 160 kt or
gSra aircraft; stagger rule is
(23S,S)

or
0 Restrict 100 kt or less aircraft to (3.5,6) or

runway with shorter theshold to skip a slot
intersection distance mad except 160
kt or greater aircraft; stager rule is
(3,S)

or

* Restrict 120 kt or less aircraft to (3.5,6) or
runway with shorter threshold to skip a slot
intersection distance mad except 80 kt
or less aircraft amd 4o not puir 90 kt
or less aircraft leading with 160 kt or
greater aircraft trailing; stagger rule
is (2-5,6)

or
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• Restrict ll0kzorlessaircraft to NA
runway with shonrer tdhshold to
intrection distance mad do not pair
80 kt or less aircraft leading wih 160
kt or greater airncft trailing; staer

_ r is (3A
25 3401ft to 4400 ft 12201ft to13900 Restuict 120kxorlessaircrafto (3.5,6)or

noway with shorter dwedwol to skip a slot
inomrection distance awd except 80 kt
oa less aircrift d except 160 kt or
greater aimmd;- sbtnar rule i(23,5)

or
• Restrict 110 kt or less aircraft to NA

runway with shorer threshold to
intersection distance md do nt pair
8O kt (o less aircraft leading with 160
kt or greate aircraft trailing; stagger

rube i (3,6)
or
• Restrict 100kor less aircraft to NA

nmway with shorr threshold to
ine•secunm distance and do not pair
110 kt or lesa ai•ch leading with
160 kt or greater aicraft trailing;
MiMer rule is (3$)

26 3401 t to 4400 ft 13901 ftto 17800 ft 0 Restrict 110 kt or less aircraft to (3.5,7) or
runway with shomtr deold to sanp a slot
intersection distance aid except 160
kt or greater airrft; steaer rule is
OA(3)

27 4401 ft to 5700 ft Up to 5700 ft * Excep 90 kt or less aicraft amd do (3.5.5) or
not pair 110 kt or less aircraft leading skip a slot
with 160 kt or greter aircraft t-ailing;
Aaier rle is (2,S)

or
0 Except 90 kt or less aircraft sad (3.5,5) or

except 160 kt or greater aircraft; skip a slot
staer rle is (2,5)

or
0 Except 80 kIt or less aircraft aed do (3.5.5) or

not pair 90 kt or less ircft leading skip a slot
with 160 kt or greater aircraft trailing;

or rue is (245)
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* Do tpair 80 kt or less aircraft NA
leading with 160 kt or greater aircraftMln tm er nle is (I's ,

28 4401 ft to 5700 ft 5701 ft to 6500 ft Except80 kt or les aircraft ad do (4,5) or
nmt pair 90 ki or ies aircraft leading skip a slot
with 160 kt or greater aircraft trailing;
am" rle is (2.5,5)

or
* Restr 80 kt or less airraft to NA

nuway with shorr threshold to
intersection dimnce md do not pair
80 ki or less aircmft leading with 160
kt or greater aircrAafniling; stagger
rule is, O

29 4401 tt to 5700 ft 6501 ft to 7200 ft 0 Except 80 ktor lessaircraft amd do (4.5) or
not pair 100 kt or less aicraft leading skip a slot
with 160 kt or greater aircraft trailing;
so="er ruk is (2.5,5)

or
* Restrict 80 kt or less aircraft to NA

runway with shorter heshold to
inersection distance *ad do not pair
90 kt or less aircraft leading with 160
kt or greater aircraft trailing; stagger
ru is 3jý)

30 4401 ft to 5700 ft 7201 ft to 12100 ft 0 Restrict 110 kt or less aircraft to (4,6) or
runway with shorter threshold to skip a slot
intersection distance am except 90 kt
or less aircraft md except 160 kt or
greater aircraft, staer rule i
(2.5,4)

or
* Resrict 100 kt or less aircraft to (4,6) or

runway with shorter threshold to skip a slot
intersection distance and except 160
kt or greater aircraft., "r rule

or
* Restrict 120ktor lessaircraft to (4,6) or

nmway with shorter threshold to skip a slot
intersection dismnce md except 80 kt
or lesaircraft md do not p•ir 100ki
or less aircraft leading with 160 ki or
Vea" aircmft triaing, stagger rul
is (2.5,6)

or
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SRestrict 100 kt or less aircrft to NA
runway with shorter theshold to
iatercruon distance ml do not pair
100 kt or less aircraft with 160 kt or
gr__eater ai•zruft Mat ride is (3,M

31 4401 ft to 5700 ft 12101 ft to 13800 ft Res•rict 110 k or lessaircraft to (4,6) or
runway with shor thereshold to skip a slot
interuectim distc md except 90 b
or less aircraft and except 160 kt or
greater aircraft •uamer rue is
(2.U)

or
* Restrt 110 ka or le aircraft to (4.6) or

runway with dsme threshold to skip a slot
intersection distance md do not pair
90 kt or less aircraft leading with 160
kt or greater aircraft tailing am
except 80 kt or less aircraft- stagger

___________ ___________ rule is (3,6)____
32 4401 ft to5700 ft 13801 ft to 17800 ft Restrict ll0ktor lessaircaft to (4,7)or

runway with shorter threshold to skdp a slot
intersection distmce and except 80 ki
or leU aircraft sod except 160 kt or
greater i lW rule is (3,6)

33 5701 ft to6400 ft Upto6400 ft 0 Except80ktor lessaircraft md do (4.5) or
not pair 90 kt or less aircraft leading skip a slot
with 160 kt or grealer aircraft tradig;
sbagger rule is (2.5,5)

or
0 Except 80 it or less aircrafý stager (4,5) or

rule i(3) skip a slot
34 5701 ft to6400 ft 6401 ft to6900 ft Restrict 90 kt or less aircraft to (4.5) or

runway with shorter threshold to skip a slot
intersection distance aud except 80 kt
or less aircraft md do not pair 100 kt
or less aircraft leading with 160 kt or
greater aircraft trailing; stagger rule
b (2.5,5)

or
* Restrict 90 kt or less aircraft to (4,5) or

runway with shorter threshold to skip a slot
intersection dimnce md except 80 kit
or less aircraft; s•ler rule s (3,5)

or
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SDonotpair90 ktor lessaircraft NA
leading with 160 kt or greater aircnaft
trailing sai except 80 kt or less

3 1 6m5a MW9 rule mi (3,S)
35 5701 to ft 1to ft Restrict100 l orlessaircraftto (4.6) o

runway with shotm threshold to skip a slot
intersection distance mid except 90 kt
of less aicraft d except 160 ktor
greater aircraft, 011818r rule i
(2.3,5)

or
0 Restrict 90 kt or less aircraft to (4,6) or

runway with Amon de d to Akip a slot
intersection distance and except 80 kt
or less aircraft OW except 160 kt or
greater aircraft staer rul i (3,5)

• Restrict 100 kt or less aircraft to (4,6) or
noway with shorter threshold to skip a slot
intersection distance md do not pair
90 ki or less aircraft leading with 160
kIr or greater aircraft trailing am~d
except 80 kt or less aircraft: stagr
robmis (3,0)__ _

36 5701 ft to 6400 ft 10801 ft to 12100 ft * Restrict 110 kt or less aircraft to (4,6) or
runway with shomrr threshold to skip a slot
intersection distance md except 90 kt
or less aircraft md except 160 kt or
greater aircraft; stwer ru is
(2.S,5)

or
* Restrict 100 kt or less aircraft to (4,6) or

runway with shorter threshold to skip a slot
intersection distance umd except 80 kt
or less aircraft ad except 160 kt or

reaer aicramft; sla rule is (3,5)
or
0 Restrict 120kt or less aircraft to (4,6) or

runway with shorter threshold to skip a slot
intersection distance mid do not pair
100 id or less aircrft leading with
160 kb r greawe aircraft trailing md
except 90 kt or less aircraft; saer
rul is (2.,6)

5-17



* Resrict 1l0korlessaircraft to (4.6) or
noway with shour threshold to skip a slot
inumection distamce aul do not pair
90 kt or leasaiaft leading with 160
kt or greater aircft trailing ead
except 80 kt or less aimraft; saWer

__________ ___________ rule is OA,6

37 5701 ft to 6400 ft 12101 ft to 13800 ft * Reric 110 kt or le aircraft to (4.6) or
noway with i P threshold to skip a slot
interuecton disace mad except 90 kt
or less aircraft md except 160 ia or
geaer aircralt rwer ruie i
(23A

or
• Resrict 110 kit or less aircraft to (4,6) or

runway with stmer threshold to skip a slot
inet.rcim distance sd do not pair
90 kt or less aircraft leading with 160
ki or greaer aircrft trailing sad
except 80 kt or less aircraft; stager

__________ ___________ rule i (3,6) ___

38 5701 ft to6400 ft 13801 ftto 17800 ft * Ressrict ll0ktor lesaircrft to (4.5,7) or
noway with showe threshold to skip a slot
inteection distance adl except 80 kl
or less ai-rtcft mmd except 160 kt or

mwater aircraft sm rule is (3,6)
39 6401 ft to 8300 ft Up to 8300 ft 0 Except 90 kb or less ahi and (4.5,6) or

excet 160 kl or greater aircraft; skip a slot
sowr rle ru (i.MS)

or
• Except 80 kt or less aircaft am (4.5,6) or

except 160 ki or greater aircraft; skip a slot
staer rule is (3,5)

or
SDo not air 110 ke or less aircraft (4.5,6) or

leadting with 160 kIt or greater aircraft skip a slct
ailing md except 90 ka or less

a•ircft Mae rule i .(2.5,6)
or
* Do not pair 90 kt or less aircraft (4.5.6) or

leadingwith 160ktor greateraincmft skipaslot
rilinSg sd except 80 kb or less

5-irft staer rule is (3A)
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40 6401 ftto 8300 ft 8301lftto 8700 ft * Restrict 100 kior less aircraft to (4.5,6) or
runway with shorter threshold to sidp a slot
interjectio distance d except 90 ki
or less aircraft ad except 160 kt or

reater airclaft; sum" rle is
(2.S)

or
* Restrict90 kt or less ircraft to (4.5,6) or

runway with shorer threshold to skip a slot
intersection distance am except 80 kt
orlessaircraftmdexcept 160 ktor
greater aircraft; staw rile is (3,S)

or
* Reszrict 100 kt or less aircraft to (4.5,6) or

runway with shorter threshold to skip a slot
interjection distance md do not pair
110 lt or less aircraft leading with
160 kt or greater aircraft trailing and
except 90 la or less aircraft; sta@er
rule is (2.,6)

or
• Restrict 90 kt or less aircraft to, (4.5.6) or

runway with shoter threshold to skip a slot
interjection distance msd do not pair
100 ka or less aircraft leading with
160 kt or greater aircraft trailing and
except 80 kit or less aircraft; stagger

__________rule is (3,6)
41 6401 ft to 8300 ft 8701 ft to I1100 ft * Do not pair 110 kt or less aircraft (5.5,6) or

leading with 160 kt or greater aircraft skip a slot
tradling smd except 90 ki or less
aircraft. soame rule is (3,6)

42 6401 ft to 8300 ft 11101 ft to 14000 ft 0 Restrict 100 kt or less aircraft to (5,7) or
runway with shorter threshold to skip a slot
intersection distance amd except 90 kt
or less aircraft mad except 160 kt or

____________ greMate aMirca O Wm rule is (3,6) ___

43 6401 ft to8300 ft 14001 ft to 17700 ft • Resrit ll0kt or less aircraft to (5,7) or
nfway with shorter threshold to Skip a slot
intersection distance md except 90 kt
or less aircraft sd except 160 kt or
grater aIrNr RM la rn is (3A

44 301 ft to I800 ft Up to 108M0 ft Except 90 kt or lessaicraft md (5.5,6) or
except 160 kIt or greater aircraft; skip a slot
srager ruk is (3,S)

or
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O Donotpair 1lktaoressaircraft (5.5,6)or
leafing with 160 kt or greater aircraft skip a slot
triling Od except 90 ki or less
5-20 pjW ru is (3A)
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Table 5-2. DCIA Procedure for Decision Heights Between 251 ft and 500 ft

DIAI Procedure sm a
Shona distance Lone distance ftnn Staggr aircraft t co g runways for

from thihold to threshold to usingindicated staggerdtnce;
intersectio intersecti restrictions noted

Up to210o ft Up to21oo ft * No riictins, ,gmrruleis(2,5) NA
2 Upto 2100 ft 2101 ft to 2800 ft * Do notpair 80 kor lesaaic-rft NA

lemling with 160 kz or greater aircraft
traiting stnew rle is (2,5)

if

* Except 80 kt or less aircraft; stagger (2.5.5) or
rule is (2,S) miss a slot

or

0 Except 160 kt or greaer aircrafk (2.5,5) or
tager rule is (2,5) miss a slot

or
* No restrictions; stager rule is NA

(2,5)P
3 Up to 2100 ft 2801 ft to 3700 ft 0 Restrict 90 kt or less aircraft to NA

runway with shorter threshold to
intersection distance md do not pair
80 kt or less aircraft leading with 160
kt cr greater aircraft tailing; stagger
rule is (2,5)

or
* Restrict 90 kt or less aircraft to (2.5,5) or

runway with shorter threshold to skip a slot
intersection distance amd except 160
kt or greater aircaft; stbgr rule is
(2,S)

or
* Restict 90 kt or less aircraft to (2.5.5) or

runway with shomr dreshold to skip a slot
intesection distance md except 80 kt
or less aircraft- staher rule is (2,•)

or

0 Resturict 80 kt or less aircraft to NA
runway with shorter threshold to
intersection distance; stager rule is
(2.5,S)

or
10 No restrictions; !Uter rule is(3,5) NA
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4 Upto2100 ft 3701 ft to4900 ft * Remict 100ktor lessaircrfto NA
runway with shoer threshold to
ismwmctidm disance ad do not pair
80 kior less aircraft leading with 160
kor greaer aircraf trailing; stagger
role i (2,S)

or
• Reict 90 b orl s aircraft to (2.5,5) or

runway with i dashold to skip a slot
inha•tcbon distance and except 160
kt or Sreaser aicrat sbager rule is

(2,5)
or
* Restrict 100 kt or less aircraft to (2.5.5) or

runway with shore threshold to skip a slot
intersection distance and except 80 kt
or less aircraft staer rule is (2,5)

or
• Restrict 90 kt or less aircraft to NA

runway with soer threshold to
intersection distance; stagger rule is
(2.-S,)

or

• Do not pair 80 kt or less aircraft NA
leading with 160 kt or greater aircraft
trailing; stqaer rule is (3,S)

or
* Restrict 80 k or less aircraft to NA

runway with shorter threshold to
intersection distance; stagger rule is
(3,9)

5 Upto2100 ft 4901 ftto5900 ft * Restrict ll0kt or less aircraft to NA
runway with shorer threshold to
intersection distance and do not pair
80 kt or less aircraft leading with 160
kt or greater aircraft trailing. stagger
rule is (2,5)

or
* Restrict 110 kt or less aircraft to (2.5.5) or

runway with shoer threshold to skip a slot
intersection distance ad except 80 kt
or less aircraf staler rule is (2,S)

or
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R Retict 110 kt or less aicraft to (2.5,5) or
nmway with shor threshold to skip a slot
i rvactim distance sad except 160
ki or greaser auvraf; stagger rule is
(2,S)

or
SResrict 90 kt or les aircraft to NA

noway with slxuvr theshold to
inteection distmice; stagger rule is

or
* Remuict 80 kt or less aicraft to (3,5) or

omway with dAmin thiremhod to skip a slot
intersection distance mad except 160
kt or greater aircraft; stagger rule is
(2.S,S)

or
* Do not pair 80 kt or ss aircraft NA

leading with 160 kt or greater aircraft
trailing; stagger rule is (3,5)

or
* Restrict 80 kt or less aircraft to NA

runway with shorter threshold to
intersection distance; stagger rule is

_____ (3,3)
6 Up to 2100 ft 5901 ft to 7000 ft Restrict 100 kt or less aircraft to (2.5,5) or

runway with shorter threshold to skip a slot
intersection distance mad except 160
kt or greater aircraft stagger rule is
(2,S)

or
• Restrict 90 kt or less aircraft to (3.5) or

runway with shoer threshold to skip a slot
intersection distance mad except 160
kt or greater aircraft; stagger rule is
(2.S,S)

or
* Restrict 80 kt or less aircraft to NA

runway with shorter threshold to
intersection distance mod do not pair
120 kt or le aicraft with 160 kt or
greater aircraft stager rule is (3,S)

or
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0 Reatrict 80 kt or less aircraft to (3.5.5) or
nmway with sborter t1Ieshold to skip a slot
intersectim distance mad except 160
kt or peaer aircraft. stager rule is
(3,M)

or
0 Restrict 100 ka or les aircraft to NA

noway with 1 1 -1r t1reshold to
inermection distmce; sager rule is
(2SA

or
SRestrict 90 kz or les aicraft to NA
rnwa with im'mr twesiold to
intersection distance and do not pair
100 kt or less aircraft leading with
160 kt or greater aircraft trailing;
dagger rul is (2.5,6)

or
0 Restrict 90 kt or less aircraft to NA

runway with 'honter threshold to
intersecti. - autmce sm"ger rule is
(3,6)

or
0 Restrict 80 k or less aircraft to NA

runway with shorter threshold to
intersection distance and do not Pair
90 kt or less aircraft leading with 160
kt or greater aircraft trailing; stagger

7 Upto2100 ft 7001 ft to 8900 ft 0 Restrict ll0ktorlessaircraftto (2.5,6) or
runway with shorter threshold to skip a slot
intersection distance dm except 160
kt or great aircraft; sagger rule is
(2,S)

or
* Restrict 100kt or leu aircratto (3,6) or

noway with shorter theshId to skip a slot
intersetion distance ad except 160
kt or greae ar•crft-sdagger ruk is
(2.5,S)

or
0 Restrict 90 kt or less aircraft to (3.5, 6) or

nmway with shorter threshold to skip a slot
intersection distance and except 160
kt or maw aibrcf taer rule is
(3,5)

or
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* Restrict 110 lkt or less airraft to NA
runway with shor threshold to
inseriectim distmce: goner rule is

(2.5,6
if

0 Restrict 100 kt or leu aicraft to NA
noway with som-w threshold to
inWesction diaice md do not pair
110 ki or es aaircraft lemiling with
160 k or greaer aircraft trailing;
saer rule is (2.L,6)

or

SRestrict l00kior leaircraftto NA
runway with shorter threshold to
intersection distance; sagoner rule is
(3,6)

or
0 Restrict 90 k or less aircraft to NA

runway with shore threshold to
intmection distance sd do not pair
100 ki or less aircraft leading with
160 kb or greater aircraft trailing;

,, steamer rule is (3A
8 Up to 2100 ft 8901fttoIl200ft 0 Restrict 120 kt or less aircraft to (2.5,5) or

runway with shorter threshold to skip a slot
intersection distance sad except 160
kt or greater aircraf stagg rule is
(2,5)

or
0 Restrict ll0ktor less aircraft to (3,6) or

runway with shorter threshold to skip a slot
intersection distance sod except 160
kt or greater aircraft; •sner rule is
(2.S,)

or
0 Restrict 100 kt or less aircraft to (3.5,6) or

runway with shorter threshold to skip a slot
intersection distance md except 160
kt or greater anraft; sagoer rule is
(3,S)

or
0 Restrict 1l10] or less aircraft to NA

nmway with shoner threshold to
interjection distance; staoer rule is
(3,6)

oF
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0 Restrict 100 kt or less aircraft to NA
runway with shorer threshold to
inlmuection distance mad do not pair
110 b or less airraft leading with
160 ka or greater aircraft trailing;

__________ ___________ amer rhoe 5,(3,6) ___

9 Upto2100ft 11201fttol3100ft *Rawrictll0kborleasaircraftto (3,6)or
=away with Amo n threshod to skip a slot
iutersecton distance and except 160
i or greater aikcra maaer rule is

(2Wor

* Retic 110 kt or less aircraft to NA
runway with shorter threshold to
intersection distance; stagger rule is
(3,6)

or

SRestrict 100 kt orless aircraft to NA
runway with shorter threshold to
intersection distance amd do not pair
110 kt or less aircraft leading with
160 kt or greater aircraft trailing;
___Er rule is (3,6)

10 Up to 2100 ft 13101fttol17000ft * Resrict 110 kt or less aircraft to (3.5.7) or
runway with shorer threshold to skip a slot
intersection distance and except 160
kt or greater aircraft; stamer rule is
(3,6)

11 2101 ft to 3800 ft Up to 3800 ft 0 Except 80 kt or less and except 160 (3,5) or
kt or greater aircraft; stager rule is skip a slot
(2,S)

or

* Except 80 kt or less arcraft and do (3,5) or
not pair 100 kt or less aircraft with skip a slot
160 kt or greater aircraft; stamper
rule is (2,S)

or

* Do not pair 80 kt or less aircraft with NA
160 kt or greater aircraft; stgger
rule is (2J,5)

or
10 No restrictions; staxger rule is (3,5) NA
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12 2101 ft to 3800 ft 3801 ft to 4100 ft 0 R rict 90 kz or less aircraft to (3.5)or
runway with showrr threshold to skip a slot
inteructian disuance d except 80 kt
or less aircraft md except 160 kt or
griaer aircrat stgger rmle is (2,S)

or
* Remict 90 kit or less aircraft to NA

noway with dm N threshold to
inimuction distonce md do not pair
100 ki or les airmrft leading with
160 kI or grea. aircraft trailing;
sAW rukre is (2,S)

* Do not pair 80 kt or less aircraft NA
leading with 160 kt or greater aircraft
trailing-, stagger rule is (2.5,5)

or
* No restrictionw, stawr rule is (3,5) NA

13 2101 ft to 3800 ft 4101 ft to 6700 ft • Resict 100 kt or less aircraft to (3,6) or
runway with shorter threshold to skip a slot
intersection distance and except 90 kt
or less aircraft md except 160 kt or
greata aircraft; stagger rule is (2,5)

or
0 Restrict 90 kt or less aircraft to (3,6) or

runway with shorter threshold to skip a slot
intersection distance sad except 160
kt or greate: aircraft- stagger rule is
(2.5,5)

or
0 Res•rict 80 kt or less air~raft to (3.5,6) or

runway with shorter threshold to skip a slot
interuectior, distance and except 160
kt or greater aircraft; stagger rule is
(3,S)

or
• Restrict 100 kt or lessaircraft to NA

runway with shorter threshold to
intersection distance and do not pair
90 kt or less aircraft leading with 160
kt or greater aircraft trailing; stagger
ru5e is (25,6)

or
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Sestict 90 kz or kmas iaftto NA
nouway with *xxv tkmiiold to
Alorimm ion distioce; Mrule e

OA

SRurict 0 klor Ws umi f to NA
nouway wi* I ,hr edmAwd go
uct•omi:e o do not pair

90 ki uor lesv mft Ibding with 160
ki or puaw a hcrf &WhWin sbe

___________ role is (3A) ___

14 2101 ft to 3800 ft 6701 ftto MW ft R ic1• 0 kt or em araft to (3,6) or
wanvy with Im l- id to skip a slot

humuetmc distane and except 90 kt
or less aicaft ad except 160 ki or
grema aicraft; g er rdle i (2,S)

or

*Restuict100 kt or e aircraft to (3,6) or
noway with thonm theAshold to skip a slot
intsectUm dimnce md except 80 ki
or le aircrmft and excep 160 ki or
greatr akrcrat; ur role is
(2.5A

or

* Restrict 90 la or less akrft to (3.5,6) or
noway with shonuter du ld to skip a slot

eamwcuc distance ad except 160
kt or greater aircaft, uler rule i

or
* Restrict 110kt or Wasaircraft to (3.6) or

runway with suomr tivesbok to skip a slot
intero-tion dimance mod do not pair
90 h or lessa ircraft lebding with 160
kt or greatr ahicaft trailing d
excep 80 ki or less aircraft; st er
rle is (2•.S)

or
SRenstict 100 kt or les aicraft to NA

runoway with shom threshold ito
inimectio di smce, t er rule i
(3M)

or
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0 Restrict 90 k or less cmftto NA
onway with dmionw threshold to

kmmuncdia disance mo do not pair
100 or leunircmft with 160ktor
a Pimauit mrls PA6

15 2101ftto3800ft 8601 fttollOOft imitt120 aiorlessaircrftt (3.5.6) o

noway with An hpld oM skip a.PP-ecu-on dism Jm except 90 kt slot
o INS aimaft md except 160 kt or
pur arcraft; tam rul is (2,5)

• R rict 110 alO less acrft to (3.5,6) or
nuway with 1- n iet hold to skip a
intersection distance md excep 80 kIt slot
or les aivcft d except 160 kt or
greater aicraft; amer ruie i
(2.,S

* Restrict 100 kl or less arcraft to (3.5.6) or
rnmway with shorter threshold to skip a
intersection distance mod except 160 slot
kt or greater aircraft- stagger rule is
(3,S)

or

* Restrict ll0kt or lssaircraft to NA
nmway with shorter threshold to
intersection distance and do not pair
80 kt or ls aircraft leading with 160
kt or greater aircraft trailing; stagger
ruleis (3,6)

or

0 Restrict 100 kt or lessa ircraft to NA
rnmway with shorter threshold to
intersection distance amn do not pair
I0 kt or less akiraft with 160 kt or
gremater "ircraft; O W nrle is (3,6)

16 2101 ftto3800ft 11001 ftto12900ft * Restrict ll0ktor less aircraft to (3.5.6)or
noway with shorer threshold to skip a slot
intersection distance mad except 80 kt
or less aircraft ad except 160 kt or
greater acraft sta r ruleis

o 2r9 
,2 )
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* Resict 110 kt r leas aircraft to NA
runway with shone threshold to
interuecoti disance md do not pair
80 kt or ie aircuft leading with 160
kt or grealer aircraft utiling, stmage

_____________ ruob is (3A) ___

17 2101ft to 3800 ft 12901ftto16900ft 0 Restritll0krt r0eo aircIaftto (3.5,7)or
noaway with d a ee thmtaol to skip a slot
inieection disumce mod except 160
ki or greuater aircraft staggr rule is

18 38•I fttoSMOft Up to SOOft Do apair110ktorlessaircraft (3.5,5) or
leading with 160 kt or eter aircraft skip a slot
taing d except 90 kt or ls
aircra. smtaer rul is (24)

or
0 Donotpair90ktor kmesircraft (3.5.5) or

leading with 160 kt o greaterirraft slapa slot
auilingmdcexcept30 kt or kms
abocaft stame rle is (2.5,S)

or
* Do not puir 80 ktor less ai~rcraft NA

leading with 160 kt or greater aircraft
trailimg #mMge rle is (3,5)

19 3801 ftto 5000 ft 5001 ft to 5900 ft 0 Except 80 kt or less ircmft md (4,6) or
except 160 kt or greaer aircaft; skip a slot
amge. rule is (2.3,)

or
SRestrict80ktorlessaircuft to (3.,6) or

runway with shorer tlhold to skip a slot
imarectiwn distence mod except 160
kt or greater aircraft; staggr rule i
(3,5)

or
* Do m pair 100kt orless aircraft (4.6) or

leadiag with 160 kt or greate aircaft skip a slot
bailing mod except 80 kt or less
akaft No e rle nle s. (2 )

or
* Restrict 80 k or less aircmraft to NA

rnoway with shotue threshold to
naectiam distuace mod do not pair

80 ktor Inssaftcraft lading with 160
kt or greater aircraft trailing; staggr
rule s (3
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20 3801 ft to 5000 ft 5901 ft to7900 ft Retrict 90 kt or less airaft to (3.5.6) or
noway with sboser threshold to skip a slot
inmesection dismtc amd except 80 kt
or um aibraft amnexc 160 kt or
peat. airaft. hm "er ruk is

if"

0 Remrict 80 orIems aiftraft to (4,6) or
noway with 11ter duesold to skip a slot

anectiam disamnc ad except 160
kIt or geater aitcraft; Naer rule is
(3A5

* Restrict 90 kt or less aircraft to (3.5,6) or
naoway with shorter thrshold to skip a slot

oimseco distance amd do not pair
110 la or Ites aircraft leading with
160 kt or greater aircraft trailing mad
except 80 kt or less aircraft, itUer
rule i (2.5,6)

or

SResrict 80 kt or less aircraft to NA
runway with dwnl" threshold to
inersection dismnce and do not pair
100 ki or leus aircraft leading with
160 kt or greaer aircraft trailing;
s2m1 ruke is (3,6)

21 3801 ft to 5000 ft 7901 ft w 9600 f Resrict 100Ig "or less aircraft t (4,6) or
noway with sholer threshold to skip a slot
imersection distance amd except 80 ki
or less aircrft a except 160 kt or
greater aircrf am"er rule is
(2.3,S)

or

0 Rfsrict 90 kI or less aimrft to (4,6) or
nhway with shoner hdeshold to skip a slot
inMectio distace amd except 160
kt or grter aircr s aaWer rule is
(3A5

or
* Restrict 90 kt or les• aircraft to NA

runway with shmmw t•ewsld to
inwuectmon distance amd do not pair
100 ]i or km aircraft leading with
160 kM or greater aircraft trailing

_mer rule is (3,6)
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22 3801 ft to 500 ft 9601 ft to lOS f Reict1 or les aimft t (4,6) or
runway with shm dhreshold to skip a slot

inmsection distance and except 90 kt
or less aircraft and except 160 kt or
Vga aircraf mumer rue is

* Restrict 100 or less aircraft to (4,6) or
ruway wit sho A ort esrold to skip a slot
hnwuction distance asd except 160

t or greater aicrft; majse rule is

(3,S

* Restrict 0lktor less aircraft to NA
runway with shorter Uweshold to
interacton distance and do not pair
110 kt or less aircraft leading with
160 kt or greater aircraft trailing;
"sW! rule s (3,6)

23 3801fttoS5000 ft 101ft to12700 ft 0 Rerictll0ktorlessaircraftto (4,7)or
runway with shorter threshold to skip a slot
intersection distance md except 90 kt
or less aircraft snd except 160 ktor
greater aircraft; saer rle is
(2.-U)

or
• Restrict l10ktorlessaircraftto (4,7)or

nmway with shor thoresold to skip a slot
intersection distance ad do not pair
90 kt or less aircraft leading with 160
kt or greater aircraft trailing mad
except 80 kt or less aircraft; stagger

_____________ rule i (3,6) _ __

24 3801lfttoSO5Mft 12701ft to16700 ft 0 Restrict l l0 kt or less aircraft to (4.7)or
runway with shower thweshold to skip a slot
intersection distance mad except 80 kt
or less aircraft and except 160] or

.... arm aircraft, stjw rule i OA)
25 S1 ftto 7400 ft Up to 7400 ft * Except90 ktor lessaircraft md (4.5,6) or

except 160 kt or greater aircraft- skip a slot
staW rule is (23S)

or
• Except 80 kt or less aimraft and (4.5,6) or

except 160 kIt or greater aircraft; skip a slot
stager rule is (3,S)

or
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SDo ot mpair 110 kt or les aircraft (4.5,6) or
loaing with 160 k# or gerneer aircraft skip a slot
bdil*mamd excep 90 k or less
aircraft; s ride is (2.5.6)

or

0 Do so pair 100 kt or km aircraft (4.54r) or
Ileing with 160 ki or greater aircraft skip a slot
mvilf md except 80 kt or le

26 5001 ft to 7400 ft 7401 ft to 10200 ft * Except 90 kit or ks arcraft m d (5.5,6) or
exceptl 160 kt or greater aircraft; skipa slot
Wqw rle is (3,S)

* Do m pair 110 kt or less aircmft (5.5,6) or
with 160 kt or groomaircraft d SUip a slot
except 90 kt or leas aircraft; staer
_ru b (3,6)

27 5W0 ft to 7400 ft 10201 ft to 13000 ft * Resrict 100 kt or lIe aircmft to. (5.7) or
runway with shonx desbold to skip a slot
intersection distanc aid except 90 kt
or eaircmft• d except 160 kt or
greater aircrft q am rue is (3,6)

28 501 ft to 7400 ft 13001 ft to 16300 ft 0 Restrict 110 kt or less aic to (5, 7)or
runway with shor threshold to skip a slot
intersection distance and except 90 kt
or les airraft md except 160 kt or
_mater aimraft; uamr rue is (3,6)

29 7401 ftto9700 ft Upto9700 ft S Except90ktor less icamft ad (5.5,6) or
except 160 la or greater aicraft; skip a slot
Mger roe is (3,S)

* Do not pair 110 kt or leus aircraft (5.5,6) or
leading with 160 kt or greater aircraft skip a slot
trailing and except 90 kt or less
_ircrmaft i wr rule is (3,6)
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Table 5-3. DCIA Procedure for Decision Heights Between 501 ft and 700 ft

DCIA Procedure
Shorter distance Longer distance ftom Stagger aircraft to converging runways for

fro threshold to threshold to uing indicaed stager distance;
inr-seation inermcon rrictn noedA

Upo 1600ft Upto 1600ft *ONoreariconsam Paki s (2.5) NA
2 Up to 1600 ft 1601 ft to 2100 ft * Do not pair 80 k or les aircraft NA

leading with 160 kI or greter aircraft
trinuzg; ,a rule is (2,S)

* Restrct 80 k or lss airciaft to NA
mnway with shorter threshold to
intersection distance; ster rule is
(2,5)

or
* No restrictions; staer rue is NA

3 Upto1600ft 2101ftto29O ft *Resrict 90 kt or less aicraft to NA
runway with shorter threshold to
intemsction distance; stagger rnte i
(2,S)

or
1 Restrict 80 kt or less aircraft to NA

runway with shorter threshold to
intersection distance d do not pair
90 ka orlssaircraft leading with 160
Ikt or grester arcraft trailing; sagr
rule is (2,S)

or
- No restrictions, Maw rule s NA

4 up to 1E00ft 2801 ft to3700 ft * Restrict 100 ktorlI= aircraft to NA
rnmway with shorter threshold to
intersection diswtace; stagge rule.i
(2j5)

or
* Restrict 90 ktorless aircraft to NA

runway with shorter threshold to
iniersectioi distance sad do mot pair
100 ktor lea aircraft leading with
160 ]a or greater aircraft trailing;
MW.ge rule is (2,S)

or
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• Restrict 80 kt or less sixft to NA
runway with shoner threshold to
inteirsection distance; sana rule i

or
• Do mot pair 80 k or les aircraft NA

ltin with 160 hi or greater akcaft
ratirg, NEWT ruk b (-S.)

or
0 No restriwcom Mah rule as (3, NA

Up to 1600 ft 3701 ft o4C00 ft RIetrict 1I0 Io or les aircraft to NA
noway with shor termWold to
imemcion distance mod do not pair
80 kt or less aircraft leading with 160
h or greater aircraft trailing; stagger
ruk is (2,S)

or
* Restrict 100]aor lessair-raft to NA

runway with shorter threshold to
inersection distance ad do not pair
I10 kt or less aircraft leading with
160 kt or greater aircraft trailing;
staer rule is (2,5)

or
0 Restrict 90 kt or less aircraft to NA

runway with shorter threshold to
intersection distance; staffer rule is
(2.5,S)

or

* Restrict 80 kt or less aircraft to NA
runway with shorter threshold to
intersection distance mod do not pair
90 kt or less aircraft leading with 160
kt or greater aircraft trailing; stagper
rule b (2.5,S)

or
• Restrict 80 kt or less aircraft to NA

runway with shorter theshold to
intersection distance; stmag rule is
(3,S)

or
* Do mot air 80 kt r less aircraft NA

leading with 160 kt or prmter aircraft
trailing: saiger rule is (3,S)

or
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SRestrict 1 k"or less aircraft to NA
ruiwa with shatte dirhold to
amunctim disance ad do not pair
110 borlaess aircraft with 160 kt or
U1 -w role is (2

*g•gReict 80 kt ar lea icraft to NA
inway with Imainter edmld to
imuscio disma d do not pair
90 ki r saihm ab leading with 160
kt or grmw" aircraft mailing; stagger
ride b (2.W,6

0 Do not pair 80 kt or less aircraft NA
leading with 160 kt or greater aircraft
talinr, M Wner role is (3,6)

6 Up to 160 ft 4801 ft to6100lft * Restrict 100 k or less aircraft to (2.5,6) or
nmway with shour threshold to skip a slot
intehuection disuace m except 160
kI or geater arraft; AM" rue im
(2,S)

or

* Restrict 90 kt or less rcrafto (3,6) or
nuway with shorter threshold to skip a slot
intermection distance ad except 160
kt or greater aircMafW stager rule is
(2J7S)

0 Restrict 80 kt or less aircraft to (3.5,6) or
runway with shorter thuehold to skip a slot
intersection distame ad except 160
kt or greater ircrft staler rulei
(3,5)

or

* Restrict 90 kt or less aibcmft to NA
naway with soer ueshol to
intersection distance mod do not pair
100 kt or less aircraft leading with
160 kl or greater aircraft trailing;
sM er rule is (2.5,6)

or

0 Resrict 80 kt or less ic-raft to NA
nmway with shorer theshmMld to

imnectio, disune md do not pair
90 kt or less akcft leading with 160
kt or greater aircraft trailing; stager
rue is (3,6)
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7 Up to 1600 ft 6101 ft to 7900 ft 0 Rai ict 110 kt or les aircraft to (2.5.6) or
noway with Amon dreshold to skip a slot
intemrction dismace md except 160
kt o greamr airmaft; M r rue is
(2j)•

Or

0 Rt*rict 100baor emainft to (3,6)or
rnway with dhow thedwedo to skip a slot
iatmeuction diamce md except 160
kt or peater airaftn• se rule is

0 Restict 90 kt or tess airnft to (3.5.6) or
runway with shorter threshold to skip a slot
intermctim disance ad except 160
kt or greater aicraft mawer rl is
(3,j)

or
0 Restrict 100 kt or lessaiz-raft to NA

noway with shoner Ovisold to
intersection distnce and do not pair
110 kt or less aircraft leading with
160 ki or greater aircraft trailing;

oaner rule is (2.,6)
or
• Restrict 90 kt or less aircraft to NA

runway with shorter threshold to
intersection distance aud do not pair
100 ki or less aircraft leading with
160 kt or greater aircraft trailing;
_ _ _ _ rule i (3,0

8 Up to 1600 ft 7901 ft to 9900 ft 0 Restrict i20 k or less aicraft to (2.5.6) or
runway with shorter theshold to skip a slot
intersection distance ad except 160
kt or greaer aikrcrt staer rule is
(2.5)

0 Resict 110 kt or leus aircraft to (3,6) or
nhway with horter threshold to skip a slot
intersection distance and except 160
kt or greaer aircraft; agoer rule is

or
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Skestrict 90 ki or less aircraft to (3.5,6) or
noway with shorter threshold to skip a slot
insermection distance lmd except 160
kt or greater aircraft- sl" rutle is
(3,S)

or
* Retarict 9okzt or les aircraft to NA

noway with shoro thteshold to
intersection dimae =a do not pair
100 ki or les aircraft leading with
160 kb or greater aircraft trailing;

__________ __________ nOMw rule is(3A6)

9 Up to 1600 ft 9901 ft to 12100 ft • Retict 110 b or less aircraft to (3,6) or
runway with shorter threshold to skip a slot
intersection distance md except 160
kt or gearer aircmrft; sua• rule is
(2.S,

or
* Restrict 100ktor less aircraft to NA

runway with shorter threshold to
intersection disumce and do not pair
110 kit or less aircraft leading with
160 kt or greater aircraft trailing;
S Emm reb is (31

10 Uptol600ft 12101ft to16000 ft * Resmctllk0orle=aircraftto (3.5,7)or
rnoway with shorter threshold to skip a slot
intersection distance mmd except 160
kt or greater aircraft w sauer rule is
(3.6)

11 1601 ft to 3200 ft Up to 3200 ft 0 Do not pair 100 kt or less aircraft (3.5) or
leading with 160 kt or greater aic-raft skip a slot
trailing md except 80 kt or less
aircraft: staer rule is (2,S)

or
0 Do not pmir 80 kt or less aircraft NA

leading with 160 kI or grae aircraft
traling- sbner rule i (2.5,5)

or
0 , No restrictions ste rule is (3,S) NA

12 1601 ftto 3200 ft 3201 ft to4300 ft • Except 90ktor less ircraft md (3.5,6) or
except 160 kt or greater aircrakf skip a slot
AMa w rule . (2,S)

or
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SRestict 80 kt or less aiscraft to (3,6) or
rnway with dmter threshold to skip a slot
insertcon disamce aid except 160

kt or greater arak rue is

or
B Bump 160 ki or greater aircraft; (3.5,6) or

0 rob b (3,S) skip a slot
or

SResrict 80 kt or less i"raft to NA
nmway with shoner tbnshold to
imuemctia dimtnce md do not pair
90 kt or leWs aiucft lading with 160
ka or greater aircraft trailing; stagger
rule b- (2.-W

or
SDo not pair 80 kt or less aircraft NA

leading with 160 kt or greater aircraft
tuilinAr amaer rule i (3,6)

13 1601 ft to 3200 ft 4301 ft to 5700 ft •Resrict 100 kt or less aircraft o (3,6) or
nmway with shorter thrsshold to skip a slot
intersection distance md except 90 kt
or less aircraft mid except 160 k" or
greater aicralk steWr rule is (2,5)

or
* Resrict 90 kt or less ainaft to (3,6) or

nunway with shorter threshold to skip a slot
intersection distance and except 160
kt or greater aircraft; stagger rule is
(2.5,)

or
* Restrict 80 t or less aircraft to (3.5,6) or

rnmway with shorter threshold to skip a slot
intersection distance md except 160
kt or greater air•aft;, sta r rule is
(3,S)

or
• Restrict 90 kt or less aircraft to NA

nmway with shter thod to
inteection distance d do not pair
100 kt or less aircraft leading with
160 ki or greater aircaft trailing;
s er rule is (2.5,6)

or
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*RestrictS k0wir orion braft to NA
rnoway with ' r - doueshod to
bovocwim dismo mi do not pair
90 ksor bmsaircraft lboding with 160

ktor gemer aircraft trailing; Saw"
____________ k is eb3A) ___

14 1601 ft to3200 ft 5701lft to7400 ft 0 Remict 110 l rIm aircruft t (3.6) or
noway with dmk thimbold to skip a so
ino~wnti diamce m except 90 krt
or kmaircraft miexcept 160kbror
poem *irczuft- wa rule is (2,5)

9 Restict00Dktor Im aircaft t (3.6) or
runway with diorw threshol to skip a slot
intrecti~on distace and except 160
ks or geater aircmft. "UKg roulis
(2-~5,)

0 Restrict 80 kt or less aircraft to (4.6) or
runway with sborter threshold to skip a slot
intserctim distnc mad except 160
kicor geater aircraft., laowrk isl

* Restrict 100ktor less aicraft to NA
rnoway wish dmaow threshod to
u~sectimco disunce md do not pair
110 ki or less aircraft leading with
160 kt or greater aircraft trailing;
stamera rls (2-4,0)

* Restrict 80 ktor lessuiimft to NA
runway with shorier threshold to
inieruectin distnc md do not pair
100 ki or lessaircraft leadinig with
160 al or Sgreaasr aircraft trailing;

15 1601 ft to 3200 ft 7401 ftto 9500ft 0 Restrict l2f) ktorlessaircraft to (3.5.6) or
noway with simmonw tesodw to skcip a slot
inteserctio disummc mi except 90 kt
ar less aircraft md except 160 kt or

or S1P - Lage rule is (2.5)

5-40



0 Restrict 110 k or less aircft o (3.5,6) or
runway with shorter theshold to skip a slot
iamusction disance md except 160
ki or grpaw airera taM rar iles
(2•5,5)

or
0 Restict 90 kt or lessaim aft o (3.5.6) or

noway with thmon tOnslold to skip a slot
intmerction distamce md except 160
kt or pgeateaira gn.awr rule is
(3,S)

or
R esrict 90 kti or Ionaircraft to NA
noway with sboxw threshold to
ineseakion disance mod do not pair
110 kt or less aircraft leading with
160 kt or gremar aircraft trailing;

16 1601 ft to 3200 ft 9501 ft to I 0 1M ft Rctrict 110 kz or less aircraft to (3.5,7) or
runway with shor tiner hid to skip a slot
intersection dimnc dm except 80 kt
or lem acraft ad except 160 ki or
pease" aircrft; Zauer rleu
(2-W4

17 1601 ft to 3200 ft 11801fttol5700ft 0 Restrict 1l0 Okor less aircraftto (4,7) or
runway with som tmesld to skip a slot
intersection dist and except 160
torgemateraircraft; i-ag rakei
(3A)

13 3201 ft to 4100 ft Up to 4100 ft Except 90 t or less airaft amd (3.5.6) or

except 160 kt or gmcw airctak skip a slot
M waer rule i (2,S)

or
• Except 80 kt or less airraft amd (3.5,6) or

except 160 k or mar aircmft skip a slot
MWt, r les (2.5)

* Except 160 ktorgrmer aircmft, (3.5,6) or
law rule is (3,S) skip a slot

or
0 Do not pir 90 kt or less aiaft (3.5,6) or

leadingwith 160ktoratgres•e rraft skipa slot
trailing and except 80 ia or less
aicrat stagr rule i (2.S)

or
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* Do w p•r 80 kt or m acraft NA
leading with 160 kt or gramer aircraft
agin; am r n is (.W

19 3201 ft to4100ft 4101ftto4800ft 0RetictlI0kt maircnaftto (3-5,6) or

runway with shorer hle"mld to skip a slot
imuectio dismce mad except 90 kt
oram aircraft and excpt 160 k or
girma r•cuWf iia r re. i (2,S)

or
* Except 0 ktor tauaircraft amd (3.5.6) or

ezcept 160 kt or rmz r aircraft; skip a slot
tM . rule k (2S,,)

0 Except 160 kt or greater aircraft; (3.5,6)or
a w runle i (3,5) skip a slot

or
SDo not pair 100 kt or les aircft (3.5,6) or
leadiagwith 160ktorgremaaircraft sUPpaslot
trailing md except 80 kt or less
aircraft; suager rle is (2,6")

or
* Do not pir 80 kt or k aircraft NA

leading with 160 kt or gremer aircraft
.. uliw, _ga rule• b U

20 3201 ftto4100ft 4801 ftto 7000 ft 0 Restrict 90 kt or less aircraft to (3.5,6)or
runway with shatter threshold to skip a slot
interjection disance md except 80 ki
or ess uft md except 160 kor
greater aircraft; SaeW rule ie

* Restrict 80 kt or less aircraft to (3.5.6) or
runway with shorter threshold to skip a slot
inleOecP o distance md except 160
kt or Vpem aircraft; n eb r rule i
(3,S)

or
* Resict 90 k aor less aircrftto (3.5.6) or

runway with hatmter eshold to skip a slot
intenection diance md do not pair
!10 kt or le• aircraft lemfing with
160 ki or rootem ahcraft tailing md
except 0 kIfor kmss aircraft sbuf

or ruek k (23,6

5-42



0 Resrict 80 kt or les aircraft o NA
nmway with shorer threshold to
itmer•tion disatm d• do not pair
100 ki or less arcaft leading with
160 kI or gnress aibrft trailing;
amw rok i (U,6)

21 3201 ft to4100 ft 7001 ft to9100ft 0 R t 100 kit les aircraft to (3.56) or
nmway with shmer onO*xM to skip a slot
intersection disune and except 80 kt
or I= mair-ft am except160 kt or
greater aircraftk Saar rule i

* Restrict 90 kt or less aircraft to (3.5,6) or
nuway with shorter eshold to skip a slot
utmenecton dismce mmd except 160
kt or freaser aicraf stdew rul is
(3,5)

or
0 Restict 90 kt or les aircraft to NA

nmway with shorter theshold to
interectinm distonce md do not pair
100 kt or less aircmft tvleing with
160 kt or greter aircmuft trailing;

__amw rule k (3,A)
22 3201 ft to4100 ft 9101 ft to I1IS0 ft * Resict ll0ktaor less aircraftto (4,7) or

numway with somr threshold to skip a slot
ineuecti distunce imd except 80 ki
or less aircmft amd except 160 kt or
greater airaft oMaw rukle i
(2-W•

or
* Restrict 100ktorlessairraft to (5,7) or

nmway with slhoner ti bold to skip a slot
iesectin dimae mmd except 160
kt or pemter aicnrat staure, rue is

23 3201ft to 4100 ft 11501fttol5500ft Resu t ll0ktorlesaihrcaftto (4.7)or
nmway with shorer threshold to skip a slot
intermeti distance sad except 80 kt
or less aircft md except 160 ki or
me em abirft am rule is (3,6)

2 4101 fttoSOOOf5 Up to S0 ft 0 Except 80 k orles airmcaft md (3.5,6) or
except 160 kt or greater aimaft; skip a slot

i aIr rtle is (2..S,)
or
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* Excqi 160 kz or ateraircraft; (3.5,6) or
. rul is (3S) skip a slot

or
•Do wpar 100 kl i or s airft (3.5.6) or

emla g widh 160 ki or g aircraft skip a slot
balia gmod expt S0 or ies
wak smw rle is (2•,W

or

* Do mopa'r80btor lossaircraft NA
kleaf with l160s ar erer aircraft
_Uilim_. idE is (3)

25 4101 ft to 5O0 ft 5001 ft to 6800 ft 0 Excep 90 la or ies airrmft ad (4.5,6) or

except 160 lak orumm aircraft, skip a slot
Amser rue is (2.5,5)

* Except 80 kl or less aircraft md (4.5,6) or
except 160 kt or paser aircraft; dlipa slot
somus rule is (3,5)

or

0 Do nomipir 110 kt or es aircraft (4.5.6) or
kesling with 160 kt or grer aircraft skip a slot
trailing md except 90 kt or less
airraft; smom rle is (2.$

* Do not pir 100 kt or less aicraft (4.5,6) or
ledingwith 160kt-aor g eraircraft skipaslot
trailing mad except 80 kt or less

____________ airCraf; !"m ruleb (M$ ___

26 4101 ft to O ft 6801 ft to 8900 ft 0 Restrict 100 kt or less aircraft o (4,6) or
runway with dhono thusehold to skip a slot
,ngemction disamnce m except 90 kt
or less aircraft, md except 160 kt or
gaer aaircraft m •r r kis
(2Jqls

SRestrict 90 k or less aircrmft to (4,6) or
rnmway with tone dwedmid to skip a slot
imerseci dim swce sod except 80 ki
orl s aircraft m except160 kt or
greater acraft rul is (3,%)
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* Resrict 90 kt or less aircna to (4,6) or
noway with short- threshold to skip a slot
imsenction dismace md do not pair
110 kt or les uabraft lealing with
160 kI or gr -r ai nrft trailing md
ezxqct 80 ki or less uicnaft: gaer

__________ ~ ~ro is_____ rl (3,6) ___

2V 4101 ft to 5000 IN 901 ft to 9100 ft Rerict 110 I0 or = acft to (4,6) or
noway with shinier deshold to skip a slot
imwrnct0 dismce md except 90 k ,
orwles ihcurafte md except 160 kt or
peswr aircra.ft sta r nis u

or
0 Restrict 90 kt or less aicmft to (4.6) or

runway with shofln d deshol to skip a slot
intersction distance mid except 80 kt
or less aircraftm except 160 ki or

reater aircraft: saftr role is (3,l)
or
2 Restrict 90 ktfor less aircraft to (4,6)or

runway with short threshold to skip a slot
intersection distance d do rot pair
110 kt or less aircraft leafing with
160 kt or greater aircrft trailing and
except 80 ki or less aircraft smoa

__________ __________ role is (3,6)
28 4101 ft to 000 ft 9101 ft to 11300 ft * Restrict 110 kt or lessa•icraft to (4.,7) or

noway with shortr threshold to skip a slot
intersection distus md except 90 kt
at les aircraftamo except 160 kt or
greater aircurat s ' rule is

or
0 Restricz 100kt or less aircraft to (4,7) or

runway with isorw threshold to skip a slot
inmseuctin dismace md except 80 kt
or less aircraftod except 160 kb or

___________ wuter aircraft; stIne ruek is (3.6)
29 410lftrto 5OO ft 11301lftto 15300 ft * Restrict110ft or lessaircraft to (4.5.7) or

runway with sboer threshold to skip a slot
jaesuectian dismmc mi except 80 kz
or le sh icraft mi except 160 kt or

__________ __________ gaerairrat !!M& mO rule a_(3A6 ___
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30 501 ftto 6400ft Upto6400 ft Except 90ktorless aircraftmd (4.5.6)or
except 160 t or greater aircraft; skip a slot
rwer rule i (2.5,

or

* Except 80 kIt or less aircraft aid (4.5,6) or
except 160 k or grear aimcruft skip a slot

uhw rnle is (3S)
or

SDo naot pir 110 k or les aircraft (4.5,6) or
lemling with 160 kI or gmter aircraft skip a slot
usilift md except 90 kt or less
aircraft mmrr roeb i (2.5,6)

or

* Do not pair 100 kt or less aircraft (4.5.6) or
lading with 160 kIt or greaer aircraft skip a slot
tailing md except 80 Ir or less

___________ ____________ aircrAt Otmer rue is (3A6) __

31 5001 ft to6400 ft 6401 ft to8700 ft 0 Except9Okt orlessaircraft md (5.6) or
except 160 kt or greaerracraft; skip a slot
sbwer rule is (3,S)

or
* Do notp•air 110 kt or less aircraft (5.6) or

leading with 160 kIt or greater aircraft skip a slot
uailing d except 90 k] or less

___________ iscrak- "iWr ruleis (3,Q)
32 500l ft to 6400 ft 8701 ftto 150 ft Restrit ll0ktor lessaircraft to (5.7) or

nmway with shorter threshold to skip a slot
interection distance ad except 90 ki
or less aircft ad except 160 k or
_mr aircraft; m r rle is (16)

33 6401 ft to 8100 ft Up to 8100 ft * Except 90 kt or less aircraft id (5,6) or

except 160 kI or greater aircraft; skip a slot
M Waer ule (3,S)

or
* Do not pair 110 kt or less aircraft (5,6) or

leading with 160 kt o greater aircraft skip a slot
uailing md except 9•kt or I=

__________ ___________ aircaft aMM rule is (3A6 ___

34 6401ft tog 100 ft 8101fttto10300ft 0 Restrict10 ktorlessaircraftto (5.7)or
nmway with shotmr thrdeshlmd to skip a slot
interection dismnce md except 90 kt
or les aircraft md except 160 kcr
_mate" airft• amer rle is (3,6)
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35 8101 ft to 8600 ft Upto8600ft * Donotp 1irll0ktorlessaibcft (5.5,6)or
klading with 160 kit or grer aircraft skip a slot
uaing••d excep 90 kt o less

5umak-4 7 m r rul Is (3A
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to the controllers. The speeds referenced in this table are indicated final approach
airspeeds. Guidance concerning "restricted" and "excepted" aircraft is given
below.

6. Determine the decision heights for each runway when the glide slope is out of
service. Find the larger of the two values. Repeat steps 4 and 5 to determine the
DCIA procedure for this runway configuration when either glide slope is out of
service.

5.2 AN EXAMPLE OF THE USE OF THE DCIA TABLES

As an example of this process and interpretation of tables 5-1 through 5-3, consider the case
of Boston Logan International Airport.

Suppose Boston has three eligible configurations (i.e., there is an ILS or LOC on both
runways and the missed approach procedures meet the straight-out criteria), 331.4R;
15R/4R; and 27/22L. The facility then would go through the exercise of determining the
runway lengths to intersection for each configuration and the decisi n. heights for (1) when
both ILSs are fully available (called "Full ILS" here) and (2) when the glide slopes may be
out of service (i.e., localizer only approaches; called "GS out" here)). Having determined
these for each configuration, and for each mode (full ILS or GS Out) the facility would then
go either to table 5-1, 5-2 or 5-3 depending upon the decision heights, and find the applicable
row, as indicated in table 5-4.

Table 5.4. Example of DCIAs at Boston

DHs (ft)
Threshold-to- (Larger of the two DCIA Rule

Runways intersection DHs for the two (Table-Row)
distance (ft) runways)

Short Long US LOC Full ILS GS Out
4R/33L 4144 5201 200 463 (5-1)-21 (5-2)-19
15R/4R 3998 4144 250 562 (5-1)-20 (5-3)-19
27122L 5979 6744 443 484 (5-2)-25 (5-2)-25
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Consider configuration 4R/33L. The decision heights for the two runways for full ILS
approaches are both 200 ft. The runway to intersection distances are 4144 and 5201 ft
respectively. The DCIA rule for this configuration is therefore found in Row 21 in table 5-1
(i.e., (5-1)-21). Row 21 in table 5-1 provides seven options from which to choose. The
facility might choose option number 3, which allows a (2,5)1 stagger operation with the
aircraft 90 kts or less and 160 kts or greater "excepted"2.

If a glide slope on either runway 4R or 33L were to be out of service, the decision heights
for the two runways would be 422 and 463 ft respectively. The larger decision height is 463
ft. The applicable procedure would therefore be found in table 5-2. The runway to
intersection distances are, as before, 4144 and 5201 ft respectively. The applicable
procedure would therefore be found in row 19 of table 5-2. Row 19 provides 4 options. The
facility may determine that it would always use the first option, which allows a (2.5,5)
stagger operation and "excepts" aim-aft with final approach speeds of 80 kts or less and 160
kts or greater from the (2.5,5) rule.

The facility would identify aircraft groups by types that reflect the appropriate indicated final
approach airspeeds. Suppose, for Boston, aircraft with 90 kts or less final approach speeds
include all single engine general aviation aircraft, and aircraft with 160 kts or greater final
approach speeds include all military fighter-type aircraft. The local order at Boston could
then state that the stagger operation for runways (4R/33L) would be conducted with a (2,5)
stagger rule, and when either a single engine general aviation aircraft is the leading aircraft,
or when a fighter-type aircraft is the trailing aircraft, a DCIA slot shall be missed. If the
glide slope to either runway goes out of service, the DCIA operation would be run with a
(2.5,5) rule. Again, when either a single engine general aviation aircraft is the leading
aircraft, or when a fighter-type aircraft is the trailing aircraft, a DCIA slot shall be missed.
The facility would repeat the process for the other two configurations.

To place the results shown in tables 5-1 through 5-3 in perspective, consider the airports
listed in table 5-5. These airpurts are a selection of airports in the top 100 U.S. airports that
have converging runways and sufficient instrumentation on those runways to support the
DCIA procedure. A plot of these airports on charts shown in figures 5-1 through 5-3. These
charts show the extent of each of the "breakpoints" in tables 5-1 through 5-3, respectively.
Using the example of Boston again, runway pair 4R/33L has a "shorter distance from

1 The (2.5) stagger operation requires that aircraft be staggered by 2 nmi when the leading
aircraft is a non-heavy aircraft and by 5 nmi when the leading aircraft is a heavy aircraft

2 The simplest way to handle aircraft "excepted" from the DCIA stagger rule is to miss a
DCIA slot. "Excepted aircraft" are discussed in section 4.1.
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Table 5-5. Some Airports with Potential DCIA Applications*

Akpm Runways 71vesb -to-Wiaauciou Decision Height
Distance (ft) (ft)

Short Lon RS LOC
SAT 3G/i 0 Um 200 600
DEN II8SR 0 17,499 250 335
CE 23L8 352 1,"59 250 675
PIT 21I32 553 10.755 200 537

DAY I112R 711 1.470 200 421
DTW 27121L 942 1,276 200 468
m HL2 996 2,236 250 592
DAY 6L.118 1,470 11,611 200 421
mm IU.27 1,750 6,012 200 470
PHIL 27R/17 1,871 4,715 250 709
IND 14/23R 2,765 2,739 200 762
IND 14/15L 2,765 7,218 200 423
IND 3213R 2,789 4,143 200 762
MW IIRI4 2313 3,348 200 430
HOU 4S30L 3,050 4,375 250 453

2L 3t24 3,141 9.339 250 466
DAY 11124L 3,245 7.455 200 421
S 1MU, 3,296 4.95 200 449
BDL. 6/33 3,348 4.137 250 586
DOS 15R/4R 3,991 4,144 250 562
IR) 19LAL 4.050 4,870 200 450
BOS 33M14R 4,144 5,201 200 463
BWI 23$33L 4.271 4,739 200 371
bw 29 2 4.454 6,653 250 592
CVG 1to 4,502 5,213 200 365
DEN 17LIL 4,613 20.901 200 467
SIL 3O.L4 4,643 8,409 250 466
BWI IsmO 4,709 5.231 200 436
BDL 24/33 4,A37 6,155 250 350
IND 32ML 4,843 7.218 200 388

MKE 7l/IL 4,861 5.815 200 457
DEN 17L48R 5,401 20,920 250 335
CIT Si36R 5.681 5705 200 404
MW 27/21R 5,894 7.966 200 468
PIlL 9R/17 6.125 13,793 250 709
ORD 14R= 6,173 9.479 200 528
ORD 4W 7,A62 11,016 200 599
IAK 3m27 7.753 15.397 200 373
lAD 12119R 9=272 13,S2 200 469
OUD 32427R 9,116 9,98"3 200 406
LAD 12JI9L 10.013 16,311 200 469
DFW 13/13 10.275 13,264 200 509
KW 35 IR 10.955 13,671 200 457
LAH sum 11,381 14,267 200 404
ORD 9R/14L 11,739 15,86 200 413
ORD 22RI27L 12,006 13,413 200 528
MIW 1MAN13 20.367 26,619 200 SW9
I ,,W ,,A.IR 22.494 23.40, 200 457

* Ordered by the shorter distance to intersection
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threshold-to-intersection" of 4144 feet and a "longer distance from threshold-to-intersection"
of 5201 feet. With a decision height of 200 feet the procedure defined in table 5-1 would be
appropriate. Therefore, the chart in figure 5-1 would have a point at 4144/5201 for Boston
4R/33L As one can see from figure 5-1, about one half of the runway configurations on the
list in table 5-5 are covered by the (2,5) stagger rule, with the appropriate restrictions
depending on which "box" the runway configuration falls within. There are a few runway
configurations that fall outside all of the "boxes". This means that even a (3,6) stagger rule
will not be sufficient to cover these runway configurations using the conservative analysis
assumptions. Figures 5-2 and 5-3 show the same type of data for those configurations with
decision heights of 250 to 500 feet and 500 to 700 feet, respectively.

5.3 RESULT SENSITIVITIES

The original model uses an instantaneous speed increase to a higher constant missed
approach speed to model the trailing aircraft's acceleration during its missed approach
maneuver. The second order model uses a constant acceleration during the missed approach
maneuver. Upper bounds of maximum possible differences in separation between the two
models were used to evaluate model sensitivity to the assumption of an instantaneous speed
increase. For operations in which neither approach decision height exceeded 250 feet, the
second order model was used to determine DCIA procedure restrictions. These results were
compared with those of the original model. The next two subsections discuss the results of
an evaluation of the stability of the numerical calculation and the difference in the DCIA
procedure restrictions.

53.1 Evaluation of Stability of the Numerical Calculations

Two aspects of the stability of the original model's numerical calculations were evaluated:

a. Sensitivity of computations to the computer and the software used to implement the
model

b. Sensitivity of the original model to the assumption of constant trailer missed
approach speed of the trailing aircraft
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The original model was implemented in Microsoft3 Excel on both an IBM PC and a
Macintosh and the numeric output of the two implementations was compared. The two
Excel model implementations were found to be in close agreemenL Also, the original model
implemented on the Macintosh in Excel and the second orler model implemented on the
Macintosh in Mathematica were compared for a variety of cases. The two mod:ls' time
separations consistently differed by less than 0.01 seconds and, in all cases in which the
trailing aircraft had not reached its missed approach point when the leading aircraft reached
the intersection, the distance separations differed by much less than 0.001 nmi.4 This
consistency is expected: in the second order model the constant acceleration is chosen so
that aircraft will reach the intersection at the same time in both models; and the two models
are designed to be the same until the trailing aircraft begins its missed approach maneuver.

As explained in section 4.2, after the trailing aircraft begins its missed approach maneuver,
the separation computed by the second order model is larger than that of the original model
(assuming the trailing aircraft has not passed the lead aircraft). Theoretical bounds on the
maximum possible differences in separation between the two models were determined as
described in appendix E. These theoretical bounds ar presented in figures E-I to E-6. For
eight specific cases in which the trailing aircraft had begun its missed approach maneuver,
table E-2 provides a detailed comparison of the differences in separation computed by the
two models versus the theoretical bounds on those differences. This comparison is
summarized in table 5-6. The "Observed Difference" is the difference in separation distances
measured by the two models when the leading aircraft is at the intersection. The various
observed differences result from a leading aircraft with nominal 80 kt final approach
airspeed and three different trailing aircraft with nominal final approach airspeeds of 150,
160, and 170 kts, respectively. For each trailing aircraft, cases corresponding to different
wind conditions and threshold-to-intersection distances are presented.

3 Microsoft is a registered trademark of the Microsoft Corporation, IBM is a registered
tradmark of the International Business Machines Corporation. Macintosh is a registered
trademark of Apple Computer, Incorporated, and Mathematica is a registered trademark
of Wolfram Research, Inc.

4 The differemce in time for leading and trailing aircraft to reach the intersection of the
runway centerlines is called time separation. The distance between the two aircraft when
the leading aircraft is at the intersection is called distance separation, or simply
separation.
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Table 5-6. Some Differences in Aircraft Separation Distances for the Original
and Second Order Models

Final Approach Airspeed Theoretical Bound on Observed Difference (ft)
of Trailing Aircraft (kts) Difference (ft)

150 180 21
160 229 32

272 150
316 50

170 230 107
267 22
269 225
313 153

5.3.2 Corroboration of DCIA Procedure Restrictions

In order to corroborate the procedure restrictions generated using the original model and to
partially evaluate the sensitivity of DCIA procedures to the assumption of constant missed
approach speed, the second order model was used to generate DCIA procedure restrictions.
The set of DCIA operations chosen for the comparative analysis was all operations in which
neither approach decision height exceeded 250 feet.

The following methodology was used. Let DI and D2 be the shorter and longer threshold-
to-intersection distances of the two approach paths, respectively. The rows of table 5-1 are
uniquely specified by (DI, D2) pairs. Each row is called a box because the rows determine
the rectangles shown in figure 5-1. The second order model was used to try to increase the
value of D2 for each box in table 5-1. The requirement imposed on the second order model-
generated DCIA procedures was that in each box, restrictions for the minimum stagger
requirements could be weakened but not strengthened. No requirement was placed on
restrictions for other staggers in each box. For example, in box 7 of table 5- 1, only the
restriction for the (2,5) stagger rule cannot be strengthened using the second order model.
The results of this analysis are presented in table G-1 in appendix G. Table 0- 1 is a
reproduction of table 5-1 with a column substituted for the right hand column in that table to
show the results of the second order model analysis. Note, for example, that in box 7 of
table 0- 1, the second order model results in the same restriction for the (2,5) stagger, but the
rules based on the original model for the other staggers do not suffice for the D2 value
determined using the second order model.
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The original model was implemented in Microsoft3 Excel on both an IBM PC and a
Macintosh and the numeric output of the two implementations was compared. The two
Excel model implementations were found to be in close agreement. Also, the original model
implemented on the Macintosh in Excel and the second order model implemented on the
Macintosh in Mathematica were compared for a variety of cases. The two models' time
separations consistently differed by less than 0.01 seconds and, in all cases in which the
trailing aircraft had not reached its missed approach point when the leading aircraft reached
the intersection, the distance separations differed by much less than 0.001 nmi.4 This
consistency is expected: in the second order model, the constant acceleration is chosen so
that aircraft will reach the intersection at the same time in both models; and the two models
are designed to be the same until the trailing aircraft begins its missed approach maneuver.

As explained in section 4.2, after the trailing aircraft begins its missed approach maneuver,
the separation computed by the second order model is larger than that of the original model
(assuming the trailing aircraft has not passed the lead aircraft). Theoretical bounds on the
maximum possible differences in separation between the two models were determined as
described in appendix E. These theoretical bounds are presented in figures E-1 to E-6. For
eight specific cases in which the trailing aircraft had begun its missed approach maneuver,
table E-2 provides a detailed comparison of the differences in separation computed by the
two models versus the theoretical bounds on those differences. This comparison is
summarized in table 5-6. The "Observed Difference" is the difference in separation distances
measured by the two models when the leading aircraft is at the intersection. The various
observed differences result from a leading aircraft with nominal 80 kt final approach
airspeed and three different trailing aircraft with nominal final approach airspeeds of 150,
160, and 170 kts, respectively. For each trailing aircraft, cases corresponding to different
wind conditions and threshold-to-intersection distances are presented.

3 Microsoft is a registered trademark of the Microsoft Corporation, IBM is a registered
tradmark of the International Business Machines Corporation, Macintosh is a registered
trademark of Apple Computer, Incorporated, and Mathematica is a registered trademark
of Wolfram Research, Inc.

4 The difference in time for lading and trailing aircraft to reach the intersection of the
runway centerlines is called time separation. The distance between the two aircraft when
the leading aircraft is at the intersection is called distance separation, or simply
separation.
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Table 5-6. Some Differences in Aircraft Separation Distances for the Original
and Second Order Models

Final Approach Airspeed Trheoretical Bound on Observed Difference (ft')
of Trailing Aircr'aft (kts) Differnc (ft)

150 ISO 21
160 229 32

272 150
316 50

170 230 107
267 22
269 225
313 153

5.3.2 Corroboration of DCIA Procedure Restrictions

In order to corroborate tle procedure restrictions generated using the original model and to
partially evaluate the sensitivity of DCIA procedures to the assumption of constant missed
approach speed, the second order model was used to generate DCIA procedure restrictions.
The set of DCIA operations chosen for the comparative analysis was all operations in which
neither approach decision height exceeded 250 feet

The following methodology was used. Let Dl and D2 be the shorter and longer threshold-
to-intersection distances of the two approach paths, respectively. The rows of table 5-1 are
uniquely specified by (D1, D2) pairs. Each row is called a box because the rows determine
the rectangles shown in figure 5-1. The second order model was used to try to increase the
value of D2 for each box in table 5-1. The requirement imposed on the second order model-
generated DCIA procedures was that in each box, restrictions fbr the minimum stagger

ts could be weakened but not strengthened. No requirement was placed on
restrictions for other staggers in each box. For example, in box 7 of table 5-1, only the
restriction for the (2,5) stagger rule cannot be strengthened using the second order model.
The results of this analysis are presented in table G- I in appendix G. Table G- I is a
reproduction of table 5-1 with a column substituted for the right hand column in that table to
show the results of the second order model analysis. Note, for example, that in box 7 of
table G-1, the second order model results in the same restriction for the (2,5) stagger, but the
rules based on the original model for the other staggers do not suffice for the D2 value

I using the second order model.
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Based on the theoretical comparison of the original model and the second order model, it is
clear that for every box in table G- 1, D2 for the second order model must be at least as large
as that for the original model. Examination of table G- 1 shows this to be the case. The
increase in D2 value of the second order model over that of the original model ranges from 0
to 3900 feet. Table 5-7 shows the largest increases in D2 achieved by the second order
model. Typical increases are about 100 to 200 feeL Even where there are no increases in
D2, operational restrictions are often less restictive using the second order model. In all
cases, the increase in D2 using the second order model is within the theoretical bounds
discussed in the previous subsection.

Table S-7. Largest Increases in D2 Between the Original and Second Order
Models for Decision Heights c=250 ft

Box Number D1 Original D2 Second Order Delta D2
Model D2

7 2600 10600 12500 1900
21 4400 5800 7400 1600
25 4400 13900 17800 3900
40 8300 8700 11000 2300

Figure 5-4 presents the boxes generated using the second order model for decision heights of
250 feet or less. Comparison with figure 5-1, which presents the boxes generated using the
original model for decision heights of 250 feet or less, shows that the gains in D2 values
achieved using the second order model rather than the original model ae usually modest, but
in some cases (e.g., those configurations identified in table 5-7) the gains are significant.

SA ANALYSIS OF PARTICULAR SITES

The procedures that are listed in tables 5-2, 5-3, and 5-4 can be safely applied to any runway
configuration that conforms to the requirements in the tables. The analysis from which these
tables were developed insures that a minimum horizontal and time separation are maintained
at the intersection of the converging runways in the event of consecutive missed approaches.
However, because the procedures are categorized by ranges of values of the parameters, the
separation between aircraft executing consecutive missed approaches at certain runway
configurations will be greater than the required minimum separation. In particular, if the
runway configuration is in the lower left corner of any of the cells in figures 5-1, 5-2, or 5-3

5-57



00

CL
co 0

Ma

0

00 00

00

(0 0

0000C

UU.

cm~~ C-I- 0-V- V

(101 GU~l UIPSGII 1P114G~4L OB*

5-5



Except 90 kz or less aircraft and except 160 kt or greater aircraft; stagger
rule is (3,5),
or
Do not pair 110 kt or less aircraft leading with 160 kt or greater aircraft
trailing and except 90 kt or less aircaft stagger rule is (3,5).

Notably pairings of jets (120/150) do not yield predicted separations greater than 1 nmi at
stagger values of 2 or 2.5 nmi. Applying the DCIA procedure with a 3 nmi stagger
requirement may not prove to be a beneficial operation at ORD.

Using the site specific runway lengths, included angle of 50 degrees and decision height of
200 ft, the pairing of jets at stagger values below 3 nmi is no problem for the non-heavy
leading case. Using a 2.5 nmi stagger, the predicted separation for the 120/150 pairing is
1.59 nmi for the slow non-heavy aircraft leading. For the case of heavy leading, a 5 nmi
stagger yields an acceptable separation of 84 seconds. Applying the (2.5,5) rule to all other
speed pairings leads to a general statement of a site specific procedure:

Do not pair 110 kt or less aircraft leading with 160 kt or greater aircraft
trailing and except 100 kt or less aircraft- stagger rule is (2.5,5).

The important difference between this procedure and the one in table 5-1 is the lower stagger
values allowed for the pairing of jets. (In this case, the second order model was not required
to yield the improvement. The near optimal included angle and the tailoring of runway
lengths gives a dramatic improvement).

An even more dramatic improvement can be realized for jets by stating the procedure as a
(2,5) rule. It does lead to more significant restrictions, however, on other (slower) aircraf.
Applying the (2,5) rule to all other speed pairings leads to a general statement of a possible
site specific procedure:

Do not pair 120 kt or less aircraft leading with 160 kt or greater aircraft
trailing and except 110 la or less aicraft; stagger rule is (2,5).

If the trffic is predominately comprised of jets this is a very efficient stagger operation.
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5.4.2.2 PHL 9R/17

Philadelphia (PHL) is chosen to illustrate a case of asymmetric runway lengths. For the
configuration PHL 9R/17 the lengths from threshold to intersection are 13,793 and 6,125
feet feet, respectively. The applicable rule in table 5-1 is found in row 37. It calls for at
least 2.5 nmi stagger for the non-heavy leading case with the following restrictions:

Restrict 110 kt or less aircraft to the runway with the shorter threshold-to-
intersection distance and except 90 kt or less aircraft and except 160 kt or
greater aircraft; stagger rule is (2.5,6).
or
Restrict 110 kt or less aircraft to the runway with the shorter threshold to
interesection distance and do not pair 90 kt or less aircraft leading with
160 kt or greater aircraft trailing and except 80 kt or less aircraft; stagger
rule is (3,6).

Because of the significant asynmetry, the minimum (single) stagger value must work for the
worst case of a leading aircraft on the long runway. As indicated above, 2.5 nmi stagger is
required. Consider the case of pairing jet trffic (as typified by the 120/150 pairing in the
DCIA model). For this case, when the slow aircraft (120 KIAS) is leading on the long
runway (9R in Philadelphia) a predicted separation of 1.06 nmi is found. When the slow
aircraft is leading on the short runway (17) a predicted separation of 1.74 nmi is found when
using the same 2.5 nmi stagger. This result begs the question of whether a lower stagger
value could be safely employed when the slow aircraft is leading on the short runway. A site
specific analysis shows that a 2.0 nmi stagger is sufficient for that case (the predicted
separation is 1.15 nmi). An asymmetric stagger may be beneficial. Applying a
"(2.0&2.5,6)" stagger rule to all other speed pairings leads to a general stu.ement of a
possible site specific procedure. The site specific decision height is 250 feet. Using the site
specific runway lengths, included angle of 83 degrees and decision height of 250 ft, a site
specific analysis using asymmetric stagger shows the following result.

Restrict 100 kt or less aircraft to the runway with the shorter threshold-to-
intersection distance and except 90 kt or less aircraft and except 160 kt or
greater ahiaft; stagger rule is (2.0&2.5/6).
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In this case, the removal of the 110 kt restriction requires the application of the second order
model. The important point in this example is that a lower effective stagger value can be
safely used which could result in higher arrival rates.

5-63



SECTION 6

RECOMMENDATIONS

6.1 RECOMMENDATIONS FOR IMPLEMENTATION

The DCIA procedure as discussed in this document is capable of supporting the DCIA
concept in the current ATC environment and available technology. The tables in section 5
define the stagger values and conditions under which the DCIA procedure can be safely
conducted. Although the categorization found in the tables in section 5 is not unique, it is a
scheme that is designed for ease of use by the various facilities that wish to implement the
procedure. For this reason we recommend that the implementation of the DCIA procedure
through an FAA order be based on these tables.

Because of the conservative nature of the results in section 5, some of the facilities might
suffer unneeded restrictions based on the tables. As shown in the examples in section 5.4, an
airport may benefit from an analysis of its particular configuration rather than basing the
procedure on the worst case facility in its group of airports. Therefore, we recommend that
at those airports with significant traffic levels or with other unique considerations (e.g., the
runway with the shorter threshold-to-intersection distance is really the airport's main runway)
a site specific analysis should be performed and the procedure at that facility be based on the
results of that analysis.

6.2 RECOMMENDATIONS FOR FUTURE WORK

The procedure as discussed in this document is designed to be simple for easy operational
use in the current system. It contains several restrictions that were considered necessary for
a first step. Many of the constraints make the procedure conservative, and enhancements are
possible to make it more efficient or applicable to more geometries without compromising
the safety of its operation. Such enhancements will need further research and study, and in
some cases will require additional prototyping and simulations to determine their viability.
This section lists some areas of such possible enhancements.

a. DCIAs for non-precision approaches

b. Site specific variable and asymmetric stagger values

c. Procedure based on speed differences
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d. Turning missed approaches

e. Goal-based procedure

f. Role of cockpit traffic display

g. Risk analysis

These are discussed in turn.

6.2.1 Non-Precision Approaches

The DCIA procedure discussed in this report requires straight-in precision (instrument
landing system =LS) or microwave landing system (NUS)) approaches or straight-in
localizer approaches. Themr are many configurations at top U.S. airports where some
runways are not equipped with such approaches where the use of DCIAs could facilitate
capacity benefits. An analysis of DCIAs for very high frequency omnidirectional range
(VOR) approaches, E.S back course approaches, and flight management system (FMS)/area
navigation (RNAV) approaches should be conducted to determine the possibility of
extending the DCIA procedure to non-precision approaches.

6.2.2 Asymmetric Stagger

The stagger requirements for a given runway geometry depend strongly on the length of the
runway to intersection that the slower aircraft must travel. Slow aircraft leading on a
runway with the longer distance to intersection requires larger stagger values for safe
separation at intersection than a faster aircraft destined for a runway with a shorter distance
to intersection. Many runway configurations consist of runways of significantly unequal
lengths from the runway threshold to the intersection point. Thus, for a stream of aircraft
with significant difference in approach speeds, the stagger required (to assure a required
separation at the intersection in the event of consecutive missed approaches) between a slow
leading aircft and a faster following aircraft may be larger than 2 nmi, while the stagger
required between that faster aircraft and a next slower trailing aircraft may be less than 2
nmi. Rather than using the larger of the two stagger values at all times as in the DCIA
procedure described in this document a stagger value based on the speed differences and
runway lengths may provide a capacity benefit. Operationally, this may be facilitated by
rules such as placing an aircraft off-center between two ghost targets to provide the required
unequal stagger values, or possibly by providing "target ghosts".

An important consideration here is also the minimum acceptable stagger value. The 2 nmi
minimum in the current procedure assures at least 2 nmi in space separation for airborne
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aircraft for all converging geometries. However, a 2 nmi stagger value is not always
necessary to assure 2 nmi in space. For example, when an aircraft on the runway with the
longer distance from threshold-to-intersection is leading, a stagger less than 2 nmi may
assure at least 2 nmi in space at all times. Different stagger values (i.e., asymmetric stagger)
depending upon which runway has the leading aircraft may facilitate smaller stajger
requirements and thus provide greater capacity benefits.

6.2.3 Procedure by Speed Difference

Speed differences in aircraft landing on the convzgg runways is a key factor in
determining what stagger value is necessary to achieve safe separation at the intersection.
The DCIA procedure analyzed in this document aims at using one stagger value for all
aircraft pairs. It may be possible to develop a procedure where the required stagger depends
upon the expected difference between the landing speeds of the converging aircraft. Sites
with geometries with very long distances to the intersection that have a negligible percentage
of traffic exhibiting large speed differences may be able to benefit from such a procedure.
The challenge in the design of such a procedure would be to make it simple enough to be
operationally viable.

The current procedure utilizes expected airspeeds as the basis for the analysis and considers
worst winds and geometries to determine the effect on the expected separation. Since it is
the ground speeds that affect the separation achieved, consideration may be given to
designing a procedure based on ground speeds. A critical factor in the design of such a
procedure would be its implicatior- on controller workload, since it implies required
controller monitoring of ground speeds.

6.2.4 Turning Mimed Approaches

The current procedure utilizes straight-out missed approaches. The design of such a
procedure is not possible at some sites due to terrain, airspace, or environmental
considerations. Consideration should be given to utilizing vector based turning missed
approaches in DCIAs.

Some sites (e.g., DFW and ORD) have a potential of using three runways where two
runways are parallel and one is converging. Turning missed approaches for the DCIA
procedure may facilitate the maintenance of the independence of one parallel approach, with
dependent converging approaches to the other parallel and the converging runway.
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6.2.5 Goal Based Procedure

The analysis presented in this paper is aimed at specifying the minimum stagger value that a
controller must provide so that even in the worst cases of winds, aircraft speed differences
and loss of either radio or radar, the two airaft will be separated in the event of a
consecutive missed approach. The procedure is thus very conservative for most cases.
Paragraph 6-64 of FAA Order 7110.65 establishies how controllers may adjust separation
required to account for differences in speeds and winds. It is conceivable that the DCIA
procedure be formulated in terms of the expected separation at the intersection in the event
of consecutive missed approaches and that controllers would adjust the stagger separation
required at the threshold in order to deliver such a separation. A gool-oriented procedure
would give controllers the flexibility to provide more efficient spacing when the conditions
are not extreme, (e.g., when approach speeds of the two converging aircraft do not differ by
60, 70 or 80 knots or when winds are not 30 knots). The issues that must be addressed in
such a formulation is whether controllers would be able to conduct such an operation when
the separation event being posited is a rare event. It would also need to address radar and
ghost target availability requirements over the runways.

An analysis of separations achieved for different ground speeds may be provided as guidance

to controllers.

6.2.6 Role of Cockpit Traffic Display

The DCIA procedure aims at separation in the event of consecutive missed approaches. If a
traffic display such as a TCAS traffic display should prove to be capable of allowing pilots
to provide self-separation on final approach, then a possibility exists of designing a DCIA
procedure such that once established on final approach, the trailing aircraft may be cleared
for a converging approach to maintain a certain stagger distance from the leading aircraft.
The cockpit traffic display may have to be capable of showing appropriate ghost targets for
such a procedure.

6.2.7 Risk Analysis

As discussed in section 3.3.7 the sequence of events leading to a worst case consecutive
missed approach are, when taken together, extemely unlikely. In the future, after additional
experience has been gained using the DCIA procedure as discussed in this paper, there may
be some justification for and interest in relaxing some of the constraints placed on the model
that was used to generate tables 5-2, 5-3, and 5-4 in order to create a more efficient
procedure. A risk analysis of the consecutive missed approach issue can be made which will
allow decision makers to evaluate the operation with respect to the risks involved. Such a
study would also, presumably, make the program easier to sell to the users.
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APPENDIX A

EQUATIONS OF MOTION

The following discussion describes the missed approach dynamics that arm used in the DCIA
model. The points along the approach where significant events happen as an aircraft
executes a missed approach are shown in figure A-I. The aircraft is assumed to fly over the
outer marker on the approach path to the runway at a given speed. The outer marker is at a
distance of OM from the intersection. After flying over the outer marker, the aircraft slows
to its final approach airspeed as it descends on the glide slope. The deceleration is assumed
to take place over a given distance and the final approach airspeed is reached at a distance
DP from the intersection. The final approach airspeed is maintained until the missed
approach point which is at a distance MAP from the intersection. At the missed approach
point, the aircraft instantaneously increases its speed. The aircraft then flies smight down
the runway and through the intersection.

In analyzing the dynamics of a pair of aircraft executing missed approaches on converging
runways, the starting positions of the aircraft have to be such that the proper stagger distance
would have been achieved had the leading aircraft actually made it to the runway threshold.
Since it is assumned for this analysis that the leading aircraft does not accelerate, there is no
loss of generality in letting the leading aircraft start at its runway threshold at time t=O.

Since the separation at the intersection is measured as a time separation if the leading aircraft
is a heavy aircraft and as a distance separation if the leading aircraft is a non-heavy aircraft,
two sets of equations will be developed.

A.1 HEAVY LEADING CASE

The object of this analysis is to compute the difference in time between the leading and
trailing aircraft passing over the runways centerline intersection.

If the distance from the threshold to the intersection for the leading aircraft's runway is DL
(nmi) then the minimum distance to the intersection for the trailing aircraft when the leading
aircraft is at its runway threshold (and hence the worst situation) would be DL+S, where S
(nmi) is the required stagger distance. See figure A-2.

Regardless of where the trailing aircraft is, it takes a time DL/ML for the leading aircraft to
reach the intersection where ML is the missed approach ground speed of the leading aircraft.
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The time it takes the trailing aircraft to reach the intersection depends where on its approach
the trailing aircraft is when the leading aircraft is at its runway threshold. The trailing
aircraft can be outside its outer marker (i.e., the aircraft is farther from the intersection of the
runways than the outer marker is from the intersection), inside its outer marker but still
decelerating, outside its missed approach point but flying at its final approach speed, or
inside its missed approach point. For each of these cases, the following expressions have
been developed for the time separation, t, between the leading and trailing aircraft at the
intersection.

If the trailing aircraft is outside its outer marker:

if (DL + S) Z OMT
DL +S-OMT 2x(OMT -DPT) DP -MAAPT +DM (1)

GT GT+FT FT MT ML

If the trailing aircraft is inside its outer marker and is still decelerating:

if DPT ! (DL +S) < OMT

2xOT DP(Ix F-_r -:L +S-DPT)x(FT2 GT) JDT-M (2)

OMT - DP,, _ ,
2 -GT 2  FT MT ML

If the trailing aircraft is outside its missed approach point but is at its final approach speed:

if MAPT (DL +S) < DPT
t= DL +S-MA + M T _DL, (3)

FT MT ML

If the trailing aircraft is inside its missed approach point:

if (DL + S) < MAPT

t DL+S_ D. (4)
MT ML
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where
t = the time separation at the intersection
DL = the leading aircraft's threshold-to-intersection distance
S = the stagger distance
OMT = the nailing aircraft's outer marker to intersection distance
DPT = the trailing aircraft's point of decelertion to intersection distance
MAPT = the railing aircraft's miss approach point to intersection distance

- Dr + (DH - 50)/(6076 x tm(3O))
DT= the nailing aircraft's threshold-to-intersection distance
DH= the decision height
GT = the wailing aircraft's ground speed outside its outer marker
FT = the trailing aircraft's final approach ground speed
MT = the wailing aircraft's missed approach ground speed
ML = the leading aircraft's missed approach ground speed

Note that in equation (2) FT and GT must be different or else the evaluation of the equation
is not possible. In other words, it is assumed that the trailing aircraft decelerates from its
outer marker speed to its final approach speed.

A.2 NON-HEAVY LEADING CASE

The case where the leading aircraft is a non-heavy is more complex because not only does
the separation at the intersection depend on where the trailing aircraft is when the leading
aircraft is at its runway threshold, but the separation also depends on where the trailing
aircraft is when the leading aircraft is at the intersection. The trailing aircraft can be in any
of the four locations at the start (i.e., outside its outer marker, inside its outer marker but
decelerating, outside its missed approach point but flying at its final approach speed, or
inside its missed approach point) and end up at any of those four locations plus any of the
locations inside of its starting location (i.e., closer to the runway intersection). Therefore
there are 10 cases which have to be considered.

If the trailing aircraft starts inside its missed approach point and, obviously, ends up inside
its missed approach point:

if (DL + S) S MAPT

asp = DL +S- MT xDL (5)
ML
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If the trailing aircraft starts outside it missed approach point flying at its final approach speed
and ends up outside its missed approach point:

if MAPT < (DL + S): <DPT
uid

if (DL + S- MAPT)/ Fr 2 DL /ML (6)

sp =DL +S- xDL
ML

If the trailing aircraft starts outside its missed approach point flying at its final approach
speed and ends up inside its missed approach point:

if MAPT < (DL + S) < DPT
and
if (DL +S-MAPT)/Fr < DL,/ML (7)

sepffiM~T _T (_DL _ DL + S - MAMT
UP = MAPT- T ML OT

If the trailing aircraft starts inside its outer marker and is decelerating and ends up inside its
outer marker and is decelerating:

if DPT < (DL + S)! SOMT
and

if r-4GT2 +2XAX(OMT-(DL+S)) . DL (8)
A ML

uep=DL+S- lGT2+2xAX(OMT-(DL+S)X. DrL+Ax I2

If the trailing aircraft starts inside its outer marker and is decelerating and ends up outside its
missed approach point at its final approach speed:
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if DPr < (DL +S) !S OMT

iFr F-/GT2+2xAx(OMT-(DL+S)) < DLif
A ML

sad

if ( DPTM•- APT + FI-.GT2+2xAx(OMT- (DL+S)) DML

WP=DP -T X DL ir -IjT+2xAX(OMT -(DL +S))M L A .... ... . .. (9)

If the wailing aircraft starts inside its outer marker and is decelerating and ends up inside its
missed approach point:

if DPT < (DL +S) < OMT
and

if f-GT 2 + 2+2xAx(OMT-(DL+S)) . DL
A ML

and

,f(DPT-MAPT +F- GT2+2xAx(OMT-(DL+S)) < 2k.
FT A ML

= MA TXML. A - T (10)

If the wmiling aircraft starts outside its outer marker and ends up outside its outer marker:
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if OMT < (DL + S)

xid

if (DL +S-OMT) ,DL (11)

Sp = DL+S-GTX-"L
ML

If the trailing aircraft starts outside its outer marker and ends up inside its outer marker and
is still decelerating:

if OMT < (DL + S)
xnd

ifDL+S-OMT DLifT O T M L

and
if.(DL+S S -OMT OM DLDPT ' DL

O0 T PT+GT ) ML

wp OT-rf..2D _ DL+ S-OMT +.A . DL+ S -OM, 12
MLp = O 2 (ML G~ (12)

If the trailing aircraft starts outside its outer marker and ends up outside its missed approach
point and is at its final approach speed:
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if OMT < (DL +S)
and

DDL +S-OMT) <DL
SGT ML

aind
if(DL+S-OMT +2 OMM-DT J < _ ML

and

if(DL+S--olToM+2X ;TAP•

.+i2x DL

O 0T Fl +GT ML ML
If -_ D- +S-OMT -+xOMT'DPT (13)

2PDT-r(ML GT - FT+G )

If the tailing aircraft starts outside its outer marker and ends up inside its missed approach
point:

if OMT < (DL+S)
and

if (DL +S-OMT)< DLM

and
i(DL+S-OMT OMT-_D.PT .D

if(+2x'F~ 0 T M

and

be(DL+S-OMT +2x OM -DPT + DA -MAPT DL

___TFT O+rDT IFT- ~ )ML

(p a MX-MT x DL+S-OMT - M2-x -MT IP- (14)

( OT. rPr + F

where sep is the separation of the the two aircraft when the leading aircraft is at the
intersectons. All other variables are the same as those in section A. 1.
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APPENDIX B

ACCELERATIONS

One of the significant factors of the missed approach analysis is the acceleration of the
arailing aircraft.1 In the previously developed simulation of missed approaches at St. Louis
(Barker, 1992) the missed approach of the trailer was modeled as a multistep process. It is
the purpose of this appendix to develop a simplified model based on a single step effective
speed increase.

The multistep process model starts the aircraft at its missed approach point. This is followed
by an intantaneous acceleration. For most aircraft this instantaneous acceleration is on the
order of 10 kts and is due to configuration changes of the aircraft's control surfaces and
attitude. Some aircraft, such as heavies and small general aviation aircraft, were modeled as
having no instantaneous acceleration. The instantaneous acceleration is followed by a
constant speed climb to 1500 feet at an aircraft dependent climb rate. Upon reaching 1500
feet, the aircraft is subjected to an aircraft dependent acceleration. If at any time during the
acceleration the aircraft reaches 250 kts (the terminal control area speed limit) the
acceleration is stopped and the aircraft continues at 250 kts.

The model that is used for this analysis as developed in appendix A assumes that there is a
single step acceleration in order to simplify the mathematics. The single step acceleration is
expressed as a factor increase in the speed of the aircraft at the point of missed approach.
The objective, then, is to relate a single step acceleration to the multistep process described
above. This was accomplished by determining the factor increase in speed that would place
the aircraft at the intersection in the same length of time as it would take an aircraft
performing the multistep process. This single step acceleration will yield equivalent results
for the case where there is a heavy leader and the time separation is measured when the
trailing aircrft crosses the intersection. In the case of the non-heavy leader, the separation is
measured when the leading aircraft reaches the intersection and therefore prior to the time
that the trailing aircraft reaches the intersection. Since the acceleration is effectively taken
earlier during the single step acceleration model, the aircraft will be closer to each other at
any given time prior to the time that the trailing aircraft crosses the intersection. This is
consistent with the worst case philosophy of this analysis.

I The leading aircraft is assumed to have no acceleration consistent with the goal of a

worst case scenario.
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Table B-I shows an example of accelerating the representative set of aircraft used in the
St. Louis study fiom the missed approach point to the intersection which is I nmi from the
runway threshold and computing the effective speed increase factor. For some aircraft types,
several final approach speeds (FAS) were assumed because those aircraft might use those
speeds in various wind conditions. The climb rates were taken from the controller's
handbook (FAA, 1991) and the acceleration values were determined from various sources
including the aircraft operating manuals and discussions with airline representatives and
pilots. This particular example shows the effect of missing at a 250 foot decision height and
having a threshold-to-intersection distance of 1.00 nmi.2

Table B-I. Example of Effective Speed Increases

AC Type PAS a I=a. Acc Acc2 TMm to lhK Miss Ak. Avg. Speed Eft. Spd. Inc.
(Ki) (f1mhif) (11i) (MIAnir) (10=) (feen) CRS) Factor

ATR42 100 i300 10 25 1.00 230.00 11051 1.105
ATR42 120 100 0 25 1.00 250.00 120.21 1.002
ATR42 120 10l0 10 25 1.00 250.00 130.05 1.064
B'727 127 2500 t0 25 1.00 250.00 137.77 1.095
B747 139 2500 0 50 1.00 250.00 140.39 1.010
B747 162 2500 0 50 1.00 250.00 162.43 1.003
3747 168 2500 0 50 1.00 250.00 168.23 1.002
8767 116 2500 0 50 1.00 250.00 119.12 1.027
B767 125 2500 0 50 1.00 250.00 127.33 1.019
3767 127 3000 0 50 1.00 250.00 130.66 1.029
C172 98 650 0 25 1.00 250.00 93.00 1.000
C172 100 650 0 25 1.00 250.00 100.00 1.000
C172 120 650 0 25 1.00 250.00 120.00 1.000

P4 160 5000 20 300 1.00 250.00 197.98 1.237
F4 170 500 20 300 1.00 250.00 205.77 1.210

LIO10 131 2500 0 50 1.00 230.00 132.3 1.014
LIOI0 140 2500 0 50 1.00 250.00 141.32 1.009
LIOII 142 2500 0 s0 1.00 250.00 143.22 1.009
L1011 155 2500 0 so 1.00 250.00 155.65 1.004
LIOII 157 2500 0 50 1.00 250.00 157.58 1.004
MDIO 130 4000 0 75 L.O0 250.00 133.24 1.063
10=0 146 4000 10 75 1.00 250.00 161.32 1.105
SW2 140 2350 0 33 1.00 250.00 140.63 1.005
SW2 140 2350 Is 33 1.00 250.00 155.25 1.109

2 It is further assumed that the glide slope has the typical 3 degree elevation.
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Results such as those shown in table B-I were determined for threshold-to-intersection
distances from 0 to 5 nmi in 0.5 nrni increments. This calculation was then repeated for
missed approach altitudes of 250, 500, and 700 feet. Then the aircraft with the maximum
percentage effective speed factor was chosen to represent each of the three groups of aircraft
types. For instance, the MD80 with a final approach speed of 130 kts yields the maximum
effective speed factor in the "others" category while the B767 with a final approach speed of
116 kts yields the maximum effective speed factor in the "heavies" category. The use of the
maximum effective speed factor is consistent with the worst case analysis philosophy.

The results of effective speed factors plotted against the threshold-to-intersection distances
are shown in figures B-1, B-2, and B-3. Each of these series of points was fined with a
cubic equation given in tables B-2, B-3, and B-4, respectively. The effective speed factor
determined from these cubic equations were then used as the single-step acceleration in the
model.
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Figure B-I. Effective Speed Factors for F4s

Table B-2. Curve Fit for F4 Accelerations

Decision Curve Fit Equation
Height (x is Threshold-to-intersection Distance)

250 1. 11 15+0.1494x-0.0201 x2+0.0007x3

500 1.2428+0.1387x-0.0326x 2 +0.0029x3

700 1.3509+0.0744x-G.0 1 54x 2 +0.0013x3
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Figure B-2. Effective Speed Factors for Heavies

Table B-3. Curve Fit for Heavy Accelerations

Decision Curve Fit Equation
Height (x is Threshold-to-intersection Distance)

250 0.9958+0.0199x+0.0184x 2 -0.0021 x3

500 1.0293+0.0739x-0.0004x 2 -0.0002x3

700 1.0930+0.0785x-0.003Ox 2 +0.0001 x3
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Figure B-3. Effective Speed Factors for Others

Table B-4. Curve Fit for Other Accelerations

Decision Curve Fit Equation
Height (x is Threshold-to-intersectionDistance)

250 1.1047-0.0098x+0.0256x 2 -0.0026x3

500 1.1 103+O.0604x+0.0043x 2-O.0006x3

700 1. 1664+0.0635x+0.0051 x2 -0.0009x3
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APPENDIX C

WORST CASE WINDS

Since aircraft fly in an air mass which itself may be moving, the wind has a significant effect
on the ground speed of an aircraft. It is the ground speed which ultimately determines the
time that an aircraft takes to fly from its missed approach point to the runway centerline
intersection point. This analysis, therefore, has to consider the winds.

To judge the effects of the wind, this analysis considers the worst case situation. In this case,
with two aircraft making consecutive missed approaches, the worst case is where the wind
either impeds the leading aircraft or assists the trailing aircraft in getting to the intersection
of the runway centerlines. The slower the leading aircraft flies over the ground and the
faster the trailing aircraft flies over the ground, the smaller the separation will be between
the aircraft at the intersection, all other factors being equal (i.e., the initial stagger distances,
final approach airspeeds, etc.).

Before determining what these worst case winds are, one has to recognize that the DCIA
operation will only be conducted in certain wind conditions. Aircraft are designed to land
into the wind for reasons of approach stability and roll out distance. Therefore, there are
bounding conditions on the amount of headwind, tailwind and crosswind which will be
tolerated during a landing. Although each airline and each private pilot have their own
particular guidelines relating to these tolerances, the limits in table C-I have been chosen for
this analysis as being representative of current practices in the system.

Table C-I. Landing Wind Limits

Wind Co.mponent, Limit

Maximum Crosswind 15 kts
Maximum Tailwind 5 kts

L•xim um Wind Sped - 30 kts

If one were to plot out these conditions for a given runway pair, the plot would look like that
shown in figure C- 1. This figure is appropriate to a pair of runways with an included angle
between the runways of 75 degrees. (The plot is drawn for a runway 27 and a runway 19.)
The rings on the figure represent 5 kt wind speed increments. The azimuthal position around
the rings indicates the direction from which the wind is blowing. The two dark lines that
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meet to the left in figure C-I indicate the crosswind limits while the other two dark lines
indicate the tailwind limits. Any wind condition (i.e., wind speed and wind direction) within
the area bounded by the dark lines will satisfy the conditions listed in table C-1. T•1. point
where the two crosswind limit lines meet is the point at which the maximum headwind to
both runways would be experienced& The points where the crosswind and tailwind limits
intersect are where the maximum ground speed differential will be experienced. As
explained in section 4, these two points are important in the determination of the minimum
separation between the aircraft at the intersection.

Before computing what the worst case winds are for various runway configurations, let us
consider in more detail the maximum headwind and the maximum differential wind points.
Referring again to figure C-I, one notice.s that the region within the crosswind and tailwind
limits is symmetrical since the same conditions apply to both runways. With a 75 degree
included angle, the total wind limit of 30 kts does not come into effect. The form of this
area will be basically the same for any runway pair with an included angle of greater than 60
degrees and less than or equal to 120 degrees. Figure C-2 shows the acceptable wind region
for runways with an included angle of less than 60 degrees and greater than or equal to 30
degrees. For runways within this range of included angles, the total wind limit is evident as
the arc between the two crosswind limit lines.

The last case to consider is the set of runway configurations where the included angle is
between 90 degrees and 120 degrees. An example of the acceptable wind region for such a
configuration is shown in figure C-3. In this case the wind direction and speed is the same
for the maximum headwind and for the maximum differential wind.

To determine the worst case winds, the corners of the acceptable wind regions were
computed for runway configurations in the range of included angles from 30 degrees to 120
degrees. The results of these computations is shown in table C-2. The maximum differential
wind occurs when the included angle between the runways is approximately 110 degrees
(actually 108.43 degrees). It is at this point that the wind is directly into the runway of the
leading aircraft while the maximum crosswind and tailwind conditions will be applied to the
trailing aircraft. The difference in groundspeeds due to the wind in this case would be 20.81
kts as shown in table C-2. The maximum headwind into the runway with the leading aircraft
would be when the included angle between the runways is at a minimum of 30 degrees. The
wind speed is 30 kts directly into the leading runway as shown in the table C-2. Although
the speed differential in this case would be only 4.02 kts the leader would be slowed by 30
kts and in some circumstances this minimizes the separation between the aircraft at the
intersection even though the trailing aircraft is slowed by 26 kts.
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Table C.2. Maximum Differential and Headwinds

b-,.,,u AA* Bawým w q1 (DO ) 30 40 50 60 70 80 90 100 110 120

Mwbaý Was Vind

W iSpod On) 15.i 15.81 1581 15.81 15.81 25t1 15.81 15.81 15.81 15.81

W'md WOW= MWp)* 75.00 U843 5343 4.43 3843 2343 1.43 8.43 -1.57 -11.57

Diffem=iu madSpesdiv)M 8.04 10.11 13.23 1549 17.39 18.9 20 20.64 28 20.49

)Mazm Hmdwod ca LUdsa Aberft

Wind SpId O=) 30.00 3000 30.00 30.00 26.15 2334 2121

Wmd Dbuaim (D0p)*V 0.00 -10.00 -20.00 -30.00 -35.00 -40.00 -45.00 Reverts Max Difi Wind
CMt

DWumin Gmmi pad (W)" M-ft 3.56 2.21 0.00 0.00 0.00 0.00

RtanI to e g of tn=my of riadag ucizm •a pamlimwd *ad tte diuhM ofd a theeth umnwmy
" Tnhg kmtft will aelmy be fim

In the analysis described in section 4, both the maximum differential wind conditions of the
110 degree included angle case and the maximum headwind conditions of the 30 degree
included angle case were used.
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APPENDIX D

OBSERVATIONS OF SEPARATIONS BEHIND HEAVY AIRCRAFT

In general there are "two minute" and "five mile" ..ules which govern the safe separation
between heavy aircraft and following aircraft. One such rule is: "Takeoff clearance to the
following aircraft should not be issued until 2 minutes after the heavy jet begins takeoff
roll." (FAA, 1991, Paragraph 3-108c). Because of the possible asymmetry of the runway
lengths at a given airport (see section 2.2), the time separation at the intersection might be
less than two minutes if the heavy aircraft is departing the runway with the longer threshold-
to-intersection distance. The question is how much less can this time separation safely be.

To answer this question data was collected on the time it takes for aircraft to get to the
intersection of runways 24 and 30R at St. Louis. Since it is really the time it takes for the
aircraft to accelerate and cover a specific distance, several of St. Louis' runways could be
used for these measurements and the appropriate distances marked corresponding to the
distance along runway 30R from its threshold to the intersection of its runway centerline
with runway 24 which is about 9500 feet. The reason for doing this was that departures of
heavies on runway 30R are rare. Runways 30L, 12L, and 12R at St. Louis were used for this
data collection. The results are shown in table D-I.

The statistics for the heavy aircraft accelerating 9500 feet is shown in table D-2.

For the non-heavy aircraft on runway 24, the time to intersection with 30R statistics are
shown in table D-3.

The conclusion that one can draw from these data are that if a heavy aircraft were released as
a departure on runway 30R and then 120 seconds later an aircraft is released as a departure
on runway 24, then the minimum time separation at the intersection could be as low as
120-62+12=70 seconds.

As one can see from table D-1 that there were no heavies departing from runway 30R.
St. Louis personnel indicated that heavies very rarely, if at all, depart on 30R. Runway 30L
is preferred for heavy departures because it is a longer runway and, because of the threshold
stagger, allows an operational advantage in the use of the heavy separation rule. Therefore,
even though the times to the intersection imply that a 70 second separation could occur at the
24/30R intersection, in fact, it is an operation that is rarely used unless runway 30L is closed.

This being the case, further data was collected at St. Louis to establish actual observed time
separations behind heavy aircraft. St. Louis commonly uses the "5 mile rule" which states
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Table D-1. Times for Heavies to Accelerate 9500 feet

Aircraft TyTe (sac) Runwa,
LIO11 52 12R
LIO1 49 30L
LIOI1 52 30L
LIO01 47 30L
LIOI 49 30L
LIO01 46 30L
LIO01 52 30L
LIO10 48 30L
LIO10 48 30L
LIO10 58 12L
LIO10 54 12L
L1011 62 12L
B767 48 30L
B767 59 30L
B767 46 30L
B767 45 30L
B747 51 30L
B747 46 30L
DC8 46 12L
DC8 40 30L

Table D-2. Heavy Aircraft Time to Intersection Statistics

Number of aircraft observed 20
Mean time to "intersection" 49.9 sec
Median time to "intersection" 48 sec
Greatest time to "intersection" 62 sec

I Least time to "intersection" 40 sec

D-2



Table D-3. Non-Heavy Aircraft Time to Intersection Statistics

Aircraft Type Number Mean Time Range
_ -, - se -

GA 3 24 24-25
Military 2 12 12

that "the minima in paragraph 5-72d may be applied in lieu of the 2 minute requirement in
paragraph 3-106f. When paragraph 5-72d minima are applied, ensure that the appropriate
radar separation exists at or prior to the time an aircraft becomes airborne when taking off
behind a heavy jet." (FAA, 1991, paragraph 3-106e) Paragraph 5-72d states "separate
aircraft operating direly behind, or directly behind and less than 1,000 feet below, or
following an aircraft conducting an instrument approach by: 1) Heavy behind heavy - 4
miles, 2) Small/large behind heavy -- 5 miles." Paragraph 3-106f states "separate IFR/VFR
aircraft taking off behind a heavy jet departure by 2 minutes when departing: 1) the same
runway, 2) a parallel runway separated by less than 2,500 feet."

When departing heavy aircraft the controllers will generally release the next non-heavy
aircraft on the same runway or the parallel runway when the leading heavy aircraft is 2 miles
past the end of the runway as shown on the D-BRITE, because, by the time the non-heavy
departure lifts off it will be 5 miles behind the leading heavy aircraft. This will, in general,
result in a time separation when both aircraft are airborne of less than 2 minutes between the
aircraft. herefore, some data was collected to observe the time and distance separations of
non-heavy aircraft behind heavy aircraft and is summarized in table D-4.

Table D-4. Time and Distance Separations Behind Heavy Departures

Observation Time Separation behind heavy
Number Separation when non-heavy lift off

(sec) (nmi, as observed on
D-BRTE,)

1 76 5
2 93 6
3 100 7
4 109 7
5 97 7
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On 25 July 1991, an L101I was observed to begin its takeoff roil on runway 30L at 9:24:55,
become airborne and reach the intersection with runway 24 at 9:25:45. When the L1011 was
two miles out (as shown on the D-BR1TE), the local controller released the next aircraft (a
commercial non-heavy jet) on runway 30L at 9:26:07. It became airborne and reached the
intersection with runway 24 at 9:27:01. The intersection of runway 30L and 24 was taken as
a convenient measurement point where both aimnrft would be airborne. The leading heavy
was 5 miles ahead of the trailing aircraft when the trailing aircraft became airborne as
observed on the D-BRITE. The time separation behind the heavy aircraft when the
non-heavy reached the intersection was 76 seconds.

Four other heavy departures were observed where the successive departure was fairly close
behind. In those cases there was a 93 second separation with a 6 mile distance separation, a
100 second time separation with a 7 mile distance separation, a 109 second time separation
with a 7 mile distance separation, and a 97 second time separation with a 7 mile distance
separation.

Thus, in existing air traffic operations conducted in the current system as per (FAA, 1991), a
trialing airborne non-heavy aircraft was observed to pass through airspace previously
occupied by an airborne heavy aircraft within 76 seconds. This time separation was used in
the analysis of the safety of the DCIA procedure.
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APPENDIX E

THEORETICAL BOUNDS ON THE DIFFERENCE BETWEEN THE ORIGINAL
MODEL AND THE SECOND ORDER MODEL

The theoretical bounds on the difference between the original model and the second order
model were determined as follows. Since the original model and second order model have
identical models for leaders, to derive an upper bound for the theoretical difference between
the separations computed by the two models, it suffices to consider only trailers. This is
because separation is the distance between leader and trailer when the leader is at the runway
centerline intersection. The following notation, which refers only to the trailer, will be used
to derive the bound:

t = time since nailer reached its missed approach point
T - time for trailer to travel from its missed approach point to the intersection

(same for both models)
d = distance from the trailer's missed approach point to the intersection
xF(t) = distance travelled beyond the missed approach point at time t as computed by

the original model
xS(t) = distance travelled beyond the missed approach point at time t as computed by

the second order model
v = final approach speed of trailer
V - missed approach speed of trailer used in original model
P = V / v = ratio of trailer missed approach speed to its final approach speed in the

original model
a = constant trailer acceleration used in missed approach maneuver in the second

order model
f(t) = xF(t) - xs(t) = difference in position (and separation) computed by the original

and second order model

From elementary physics,

XF(t) = V t
xs(t) = v t + a t2 /2

Since the trailer reaches the common point at the same time in both models,

d = VTand
d = vT+aT2/2
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Substituting T - d / V into the last equation yields

d = V d / V + a (d / V) 2 /2 which yields
a = 2 V (V-v)/d.

Hence,

f(t) - V t - v t - (V (V-v) / d) t2 , whose derivative is
f'(0) = V-v-2(V/d)(V-v)t

Equating f '(t) to 0 yields the time, tmax, at which the difference in trailer distance travelled

and, hence, separation computed by the two models is maximum:

tmax = d/(2V)fT/2

Hence, tmax occurs when the original model's trailer is halfway between its missed approach
point and the runway centerline intersection, and this is when the orginal model's and second
order model's trailer speeds are the same. Since the second order model trailer continues to
accelerate, this is an intuitively appealing result. Substituting tmax into the expression for
f(t) yields the upper bound for the difference in separation between the two models:

f(tmax ) = (V/- v) d / (4 V) = (d / 4) (1 - I / P)

So the upper bound on separation difference between the models is

B = B(d, P) = (d/4) (1 - l/P)

In both models, P is computed as a function of the following arguments:

a. Trailing aircraft type: heavy; jet fighter, other
b. Decision height: up to 250 ft; between 250 and 500 ft; between 500 and 700 ft
c. Wind speed: wind that results in either maximum absolute sloving of leader or

maximum slowing of leader relative to trailer

Therefore, in principal, the upper bounds for the difference in separation between the two
models can be represented as a set of 32 2 = 18 functions of d (distance from trailer's missed
approach point to the intersection) corresponding to the possible values of P. This can be
reptvsented as a set of 18 curves of B versus d. However, heavy trailers are not used to
determine DCIA procedure restrictions and runway length breakpoints. This is because
heavy aircraft accelerate less than jet fighters and other aircraft, so that the separations they
engender are greater than those of the other classes of aircraft. Therefore, only 12 curves are
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needed to show the theoretical bounds on the difference between the separations generated
by the two models in the DCIA analysis.

These 12 curves are presented in figures E-I through E-6. The graphs are labeled with the
upper bounds of the three decision height classes (250, 500, and 700 feet); aircraft type
(Other and Fighters); and wind (maximum head wind on the leader and maximum
differential wind). In using the decision height values, it is assumed that aircraft fly a 3
degree glideslope. The winds that result in the maximum possible relative (relative to
trailer) and absolute slowing of the lead aircraft are specified in table E- 1. These are the
winds that were used throughout the DCIA consecutive missed approach analysis.

Table E-1. Winds Used for DCIA Consecutive Missed Approach Analysis

Case RWY angle Wind Speed Tailwind on Tailwind on
(deg) (kt) Leader (kt) Trailer (kt)

Relative (D) 110 15.8 -15.8 +5.0
Absolute (H) 30 30.0 -30.0 -26.0

For 8 specific cases, table E-2 provides a detailed comparison of the differences in
separation computed by the two models versus the theoretical bounds on those differences.
The 8 cases are taken from the analysis of the runway pair having threshold-to-intersection
distances of 2600 and 3200 feet. These cases ar- all the cases in which the lead aircraft has a
nominal final approach airspeed of 80 knots and the trail aircraft passed its missed approach
point before the lead aircraft reached runway centerline intersection. The columns are
interpreted as follows. The Threshold-to-Intersection columns give the distances from
runway threshold to intersection for the approach paths of the Lead and Trail aircraft. Final
Approach Speed is the nominal final approach airspeed of the trail aircraft. For Wind Type,
H denotes maximm headwind and D denotes maximum differential wind (cf. table E-l) 1.
Model Separation is the distance between the modeled lead and trail aircraft when the lead
aircraft is at the runway centerline intersection; it is given for both the original and second
order models. Diff. in Model Separation is the Observed difference between the two model
separations and the corresponding theoretical Bound on the difference. Note that model

1 In table E-1, H is called the Absolute case and D is called the Relative case.
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Table E-2. Some Differences in Separation Distances for the Original and Second
Order Models

Threshold-to- Final Wind Model Separation Diff. in Model Observed
Intersection Approach Type (nmi) Separation (ft) + Bound

(ft) Speed
Lead Trail (kt) (H / D) Original 2w Order Observe Bound (%)

-- d
3200 2600 150 H 1.0246 1.0280 21 180 12
3200 2600 160 H 0.8817 0.9064 150 272 55

3200 2600 160 D 1.0175 1.0228 32 229 14
3200 2600 170 H 0.7415 0.7786 225 269 84
3200 2600 170 D 0.9138 0.9314 107 230 47

2600 3200 160 H 1.1068 1.1151 50 316 16
2600 3200 170 H 0.9912 1.0163 153 313 49
2600 3200 170 D 1.1302 1.1339 22 267 8

separations are given in nmi, and the differences and corresponding bounds are given in feet.
Finally, the ratio of the observed difference in model separation to the corresponding
theoretical bound is expressed in the rightmost column as a percent.
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APPENDIX F

ST. LOUIS AUTHORIZATION

This appendix contains the waiver that allowed St. Louis to conduct stagger operations in
instrument meteorological conditions during the evaluation.
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Memorandum
U.& Department
of Transportation

Federal Aviation
MdministmraUon

Su INFORMATION: Request for Waiver to Order 7110.65F, ODm: SEP 3 199'
Paragraph 5-72, and paragraph 5-114 for
St. Louis, MO (STL) ATCT

Ftmo Director, Air Traffic AM.o

Rules and Procedures Service, ATP-1

To: Manager, Air Traffic Division, ACE-500

Thn attached waiver permits the STL ATCT to conduct dependent converging
instrument approaches in accordance with the prescribed procedures
contained in Waiver 91-25-120.

The waiver/authorization is effective September 3, 1991 and is valid for
2 years. Request for renewal of this waiver shjuld be made at least
120 days prior to its expiration date of September 2, 1993.

L. Lane Speck

Attachment
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Waiver 91-25-120
Date: 9/3/91

FEDERAL AVIATION ADMINISTRATION
AIR TRAFFIC DIRECTIVES

WAIVZR/AUTHORIZATION

Manager, Air Traffic Division, ACE-500, for St. Louis Airport

(STL) ATCT.

AFFECTED DIRECTIVEI(S:

Order 7110.65, Paragraph 5-72.
Order 7110.65, Paragraph 5-114.

OPERATIONS AUTEORIZED:

This waiver authorizes the STL ATCT:

1. To conduct dependent converging instrument approaches (DCIA)
during instrument flight rules conditions, using the converging
runway display aid (CRDA), to Runways 24 and 30R.

2. To utilize a minimum of 2NM lateral separation between
aircraft established on converging localizers.

3. To utilize less than 2NM separation between a missed approach
aircraft on either Runway 30R or Runway 24 and an arrival on the
converging runway.

SPECIAL PROVISIONS, CONDITIONS. LIMITATIONS:

The following items are required for conducting DCIA:

1. 2NM or more intrail spacing between a leading non-heavy
aircraft and a trailing aircraft on approach to the converging
runway when the leading aircraft is at the landing threshold.

2. 5NM or more intrail spacing between a leading heavy
aircraft and a trailing aircraft on approach to the converging
runway when the leading aircraft is at the landing threshold.

3. Operating control tower.

4. Operating airport surveillance radar (ASR) and CRDA.

5. Nonintersecting final approach courses.
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6. A facility directive specifying, as a minimum:

(a) Each applicable runway configuration.

(b) Coordination requirements.

(c) Weather minima applicable to each configuration if
different from published minima.

7. Direct communications capability between the final approach
control position for each converging runway and the associated
local control position.

8. Only straight-in approaches will be made.

9. Navigational aids and air traffic control frequencies shall
be operating properly. Minimum requirements are a localizer
operating on each runway.

10. Aircraft shall be informed on initial contact or as soon as
possible thereafter that dependent converging approaches are in
use. This information may be provided through the automated
terminal information service (ATIS).

11. All single engine or non turbo twin engine aircraft shall
utilize Runway 24.

12. All heavy aircraft shall utilize Runway 30R.

13. Aircraft with final approach speeds greater than 150 knots
are not authorized to participate in the DCIA procedure.

RZPORTING REOUIREMENTS:

1. Record any occurrence of consecutive missed approaches on the
Daily Record of Facility Operation, Form 7230.4, and submit a
brief summary to the Air Traffic Procedures Division, ATP-100,
through ACE-500, within 72 hours. Include aircraft
identification, type, weather, reason for each of the missed
approaches, and any other pertinent data. Consecutive missed
approaches are defined as two missed approaches by aircraft on
two converging approaches occurring within 2 minutes of each
other.

2. Notify ATP-100 within 24 hours of any operational
error/deviation, pilot deviation, TCAS resolution advisory, or
near mid-air collision report involving the CRDA.
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3. Provide ATP-100 with a monthly report on the number of
aircraft that utilize CRDA under the provisions of this waiver.

This waiver is effective September 3, 1991 and is valid for
2 years. A request for renewal of this waiver should be made at
least 120 days prior to the expiration date.

L. Lane Speck
Director, Air Traffic

Rules and Procedures Service, ATP-1
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APPENDIX G

COMPARISON OF FIRST AND SECOND ORDER MODEL PROCEDURES FOR
DECISION HEIGHTS OF 250 FT OR LESS

Table G-1 in this appendix presents the operational benefits to table 5-2 that result from
using the second order model rather than the model described in section 3. The second order
model is described in section 4.2. As explained in section 5.3.2, table G-I also serves to
corroborate table 5-2. Section 5.3.2 includes an explanation of the requirements that were
imposed when applying the second order model to develop table G from table 5-2.

All but the rightmost column of table G- 1 is the same as that of table 5-2. The rightmost
column of table G- 1 specifies the increases in "Longer distance frum threshold to
intersection" and the weakening in the restrictions in table 5-2 that result from using the
second order model.

Table G-1. Comparison of First and Second Order Model Procedures
for Decison Heights of 250 Feet or Lem

f DCIA Procedure
Shre LogrSsa itt Niodifimulons and Comments Baseddmue frm disowe ftom __________ _a Second Order Analysisdweshld to thnshold to imawxy rieandcaedsoas no ed

intmereson W~evcgimn

I Upto Upso *Nmm. ia in"(2,S) None
2600 ft 2600 ft

2 Upto 2601 ft to 0 Do n pmir 80 k- or. ls aitaft None
2600 ft 3200 ft leading with 160 hIt or rmaer uim-raft

wuiling; MqW mn• Is (Za)

o E)Lcqs 160 kt or puanir aircraft
Man me Is (2,S)

* No=Alor ruMel Is (•A-
3 Upto 3201 ft to 0 Rawi 90 ki or lass;aicaft o All m i onfinned. Rule 5 can be

2600 ft 400 ft =nway wislh aohste duhusod so weakemed:
iuwersain.m diasc md d nt par
ID It or leas ainraft lading with 160
I oiar $Now aicmlt tbikIw Ib
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* Restrict 10 ki or Ims skaeut to
nuwmy wiih dmtne dthubol to
kWrssaao dWWAm Md 0zoa 160
ki of pgrm abewmft IO rule k
CIA

or Rsauia 8 SobrS. I afrmt io
wsuwy wish donw *rod to

.5mwdm Aima m do so poir
90 kiorat WdA hefte wiih 160
haor p.1 aief whaWnig
sub b (2,S)

W Rmric 80 b orb. I h t
imway wuh smw doodhel wc
bouuaaom diiinrs avo row5 b
(2.5S)

,orDo aspmxoiIDkt or lea akat *Do neqair 80hior kmsaimcsf
leadin with 140 hi or uomer sameft leadf ng fm iiay with longew
awimi~ 11mw iMbk CSA (255)twesliol to uvmboruon diasinom with
or 160kt o iopm raii ft tail* an

ram"u wAis bWKcv tatohod to
imecu distonce stoner rul Is

_________ 0 Noue w gnff Is (3A5
UP Uto 4501 f s *Rssvic90 litor kasaicraf to None

2600 ft "90 f nntwy wish h-ta - threshold io
iomenedion dium mW do wt pair
10kt or husaicmhf leasin with 160
ki or womm aimuaft u.Iimgo iaMW
mul k. (2,S)

'orReuuia 90 hi or k"s akcraol to
mwspy with shoute thAsolmd to
immarscao dim ea d uxo* 160
ki or roo uircaftmoorm rule b

*Reasuie 100 bak ls atiu-M, tom
nuway wisbh nhwe thrdeshol wc
wineciion dussm m do wtr par
10 ba or Wosimult leafing wAt 160
ba oir rum' aluwamht smg maw
Mbleb (2,A

*Rembict 90 bi or les abcalt wc
wmwy wish shome treshold to

kseaiom dismm mow rule S
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0 Restric* ~ t 8 iorlss xiual to
rumwmy w" ,h shater shald to
kWrsCuosm &WAC Ml dO FMa par
90 111 Or hess ivorafti uendinwt 160
ki or purser varcroft trailing tu
inke b (U,5)

* Do no pair so Mi or lows aiadtr
waf with 160 ha o Sat pr arciaft
tradineg ft ule Mins (3,S)

orbestict IN0 k& ot hos sairca to
rummay with * , .e daudrald 1o

.iftectia dismene; dowr rule is

S Ups to 5901 ft to Restrict IW k r Im ' jw Alrules confiroed. Rule6 canbe
2600 ft 75wa r y With rhauihreshnaal to weoakened:

instruction diastane and do not peair
110 ktor less aircraft koding wMt 160
biars s ircraft tulft oqp
MSu is OA,9

* bestict 100 hi or bas aircraft to
runway with sluatoe dhreabold to
inIMWtiscn distanc end ezc 160
hIr or rate aircaft; am rule IS

0 Reurict Irt fir insaircraft to
ruway with shatter ihdrmd to
.swasectiam disaneandm do not -or
ID hI t or Ws aircraft Weaftn witb 160
hi t omr osw aircraft uarwiing Mge
rume is (2,5

orRestuict 10 bor Wash aircraft to
tuawY with A, attr thiruabuld to
insoiectiam distuam-at rule in

0 Rustrict 90 hi or has aircabt to
uuaway with Ownser & -hruahd wo

ueanectaon dinawcqt mkl do oat poir
IWktOr ICIathaicrft heiat wilb 160
hi at l aircraf trailio gamer
111l0 is(2-11A

'oRestrict 90 b orloss aircoft to Do notppir 90ktor less aircraft
rutway with ainnrt Iwarhad to lending with 160 Iraor grsovr eircrafi
sounewscoa diauawo m rule is nailinsg and rstrict 3 kif or less

(3,5 airrdlto swamy with simatte
-td o ansm',a disance

_______~~~~~~ __ _ _ _ _ _ _ _ _ _ _ _ _ aWu rule is (3rS)
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6 Upo 7501 ft w *Ruestict 10ksbluair macrit to All vdes omzjinmed. Rnles3 and 5
2600 ft 9700ft s~wmy With ,hs uON&O to canbe waslimsd:

bMwaaas *Oin= id ==p 160
kio asse p kuvd* SIB e rb i

orRubrio 100 bkar less flto
wiway wkbI , shtn shul "o

i~nmaaim ditim mi swq 160
br w lu akepA. usmuu rle is
(MA~

*0Restrict 90 hiorIm ftto 0 Restrict90ka orleuICU aaft to
maway witsIh shs As~ ld o rummy webh dwehar *thahd to
inmercb isac ~mu Owemp 160 inswmmam disaumc i do rm pair
k rp grater amuwv .I"@ isI bor hmesaircraft leading with 160
(3,5 ki or geainr1 aircraft trailing; saggier
or rule i3s c)

* Rmsaict 110 kt or kes aircmfe to
rumpawey wis shitr Utwehold to
immaaecti. distnce d e-mnp 160
hr or lpeme aircraft. tmw role is
(2A6)

ORestuict lI0biarlessaisrcwfto Ric, uio 00ki or less aiscuufto
wuawy wish shosie Awgb to wuaway with shoster shrehod to
immerseaaae dismine; d~e ruin le h aaaia distuaoe mi do one pair
(2.5W6 110 ktor leusaisraft loading on
if wluway witoger *aWe od to

-aI'mi distace with 160 hror
p acrfth tradling on rmwu'y

with shaosr tlneshold to iumerection
dir rle Is (2.5,6)

0 Restrict 100 bat lee" aiscraft to
fuaway wih -ften d-bmihold s
ienestrcion disainoe m~ rul is

_ _ _ (3A)
7 Up to 9701 ft to 0 Restrict 120 ki r lean aircraft to Mwe longerdi l-omrcan

2600 ft 10600 ft romway webShonaser *uamold to &unec* extends to 1250 ft. With
.menectima distance mi eamt 160 dtiam -an diutmm.nwidleIstdil
Im or geipso ahtaah- suaw robe is Im"d. Miet 2 md 3 fail, mad rules 4
(2,5% mi 5~ be replaced-

* Rubioi 100Gb or has aicd to
WuawaY wishAtir I h-dedwiod Io

imimsctiom distmace mi excep 160
hIt or gie akwa- smu am rueis

* srauict 90 ba r hm sicrf to
siuwa with &ne -I , JAlD
lesmarmeom dimmisce md eacqx 160
hi or C."m aircraft; isbq rule to
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*Restrict I 10kItor less akcrufc to 0 Resm 1 Ilak or less aircraft
nmwsy with shostc dthmsld to eadthug to nanwsy with shoner
imsarsecuicn diumce; Sager rawe in nuesluld to .zawrsecomi dinantw sad
(2.5W6 do so po 120ki or ussuarcraft
or imasdi am twoway widt kager

-, d to , .1 10' disance~ with
160 bko @ta Ai~rcrf tra~d Uinug a
useway with ehoner thushad to

SRestrictI00ki or ku bcraft to Restrict 100 k~i orlss anvrft to
numwey wish abra ta tmshad to 'sewo with shorter threshd to
msearscaom disosscw d~ rule im imasscti distance ma do "o pair

(3,6) Iol~korhesaimraftleadisan
morway with kmWe threabold to

saoditmewill 160Itt or
Soommantrft mrainue on nimwsy

wAt shae ro thrmahold to insessectice
_______ _______thmog 94mor lea (3,6)

up to 10601 ftto *Restrict 110 kior im aircaft to Superseded bymvisad box 7
2600 ft 1lm0ft mwuiwy wish absrw threshold to

imanseaio. diumes md exep 160
kior grear aircrofs iaer ruls

(2.5,5)
or
* Restrict 110 ki or Ioes aiurcrt to
nmwawy with dwahor ahesold to
immuwscton dimce.ft sl Ms'ae is
CUM.6

o* Restrict 100 bi or les aircraft to
runwwey with ehoala treshold to
.ueseio diassec id exm 160
hit or premmaserscrnfs - m rue is

*W Restrict 120 bi or les aircraft to
runway with shinie: ditushd to
hmtuection distance; st ro rl b

,orRestrict 110 hrt or has aircraft o
ruwawy with I a ue dmhresod to
imserumacia distant st.3W rule is

9 Up so 122DI ftto * Restrict 110 borIan aircrdtro None
2600 ft 13900 ft mway wish 1s1u thiuasbold to

ukraocticim d~immo id ascp 160
hi or Vmaa aisrca stq rule b

OmmiallOklorhaaak'idRoo
rmway wish ahaste thresld to
iMMUntsOb dmiwAS SOW Mle is
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10 Up to 13901 ftto *Ratrict120 bor Imeaircrat W None
2600 ft 17600 ft tmmsy wi" Aba du4od to

immucim disane i *exem 160
bi ar pamraincamft SNO rob ki

Up I LP 17601 ft ao 0 Rmuiri 120 bi or hum aircraf to No cumniam a( the lon~ger threabold-
2600 ft 19700 ft noaway w"s thaw I I I t o toau distac thum our [

imarmaciam dimamoad extp 160
bar$ R $ mw hi

12 2601 ft to Up to * EmplD o ohaainnit. Now
34001i 3400 ft saenMb W,(2,S)

W

13 2601 ft to 3401 hino 9 jamiwt90 MWIme , 0 10 MetI~ meow old-mbA& O "umna
3400 I 4000 f nww MAy wih tU thetld to dinum mUI4s to 4500 with .11 wmks

.mmoutice disance and eaOq 60 casfine..
or hmaircraftz SOW IS is (2,

*r Do am pair 90 hIr or has &bereft
hading with 160 bi or grear airraft
triings wad eacp 10 bi or he.

'o* Remica 90 hi or ha, aircraft to
noaway with submerthiuesbld to
klaneamion distmma asor mkl is

o* Do ass pair 1D Irt or Ims aircim
hnning with 160 bi or poser aircraft
vauilimg StWi rob (2.5,5

14 2601 ft to 4001 ft to * Restuict 90 hIc or has saitaf to 7%e Wage duthhold-wotuersection
3400 ft 5800 ft tnoway with thasno theatold to dimaUM3 ezimera to M9M with all rulss

Wmmanecas distne and do mate pair ausfifINne
100 b or Wasabmasleding with 160
Id or grefferaituaft tavalisu and
amcp 80 Ic at Ing aircrats wa

or Rarict 90 ba r hon aircraft to
1n-way with dmasa 6athoid to
immoetm distne and soap 30 In
or has eivunft min uxcept 160 b or
Ipa -, aircaf.mema rob Usah (2A5

*r Restrict 90b oaar lax aircraf to
moesy wish dona duaold wo
immenetiam dim sqWi hik
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* Restrict 60 k or loss aircat to
wism" wishthme dawshold to
msurucsim dmstf son do " part
90 ki i owhuuircrf lhu og with 160
hIcto a ietra ft umiWW sm or
Mineb ("A,5

,orRestrict 80h t hur bas ivea to
tinway sv wi ahudoushld to
inaruu~skn disma st e rule it

0 Do a oiSbr 00 uatIs milaaft
boding with 160 kt wq por umirce

15 2601 ft to 5101 ft to 0 Rewim 100 hi or bn uk j 10 Mw lawge dvhold-wiuu~nw ii
3400 ft 7500 ft messay with dmmsurowubold so dismesa.m ds to 7600 wish n&H rules

nmmsatism dimsto m except 10 ki atnfinned.
or ICU amrcaft mi excap 160 ki o

or Resuiae 100 bi r hum aircr to
mny wish simtes Ussuhesld to
imumwan diumae. ur ule bs
(2.5,5

orRmtrict 90 hi or Iuonniruds to
messay wisk bue ubsuehold to
inmeusomian disanc md do nm per
IM0kt orhmoss scraft bodingwish 160
kt or guster aicrauft trailing mtqw

* Restrict 90 hi or hum airsh~ to
runway wich dtenmthuuhal wo

orResuria 80 hi or hum aircrat to
imaway with uhonu thucahold to

bioneabum dismse mi do not pair
90 kt or lueususl hutrtbding widi 160
hi or greiatr aih radinualg shr

I____ mule b (3A5 ____________

16 2601 ft to 7501 ft to 4 ostriaic 110kieor hu abimft to TeMw 6w dmoldrmscsiona
3400 ft 9700 ft tonway wMs doanor thdmAbd io dissam examnds to 98W0 wnih &l mine

sursocim digguse mI except 10 In camfwnmmd. Rnlmu 4 and 5co be
or hu minauuft and exap 160 bi or weakenud:
S uto sifcs. - aE mile In (2A5

* Ruamcri 100 hi ar les 'ieft to
romwa with abuser doubd to
bumusvatim dimaes mi except 160
hi or ra nkanft& su= mue in
(23A
or
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0 Restric 90 hIt or lass ahanh to
runway wish abone sIus1ild to
imesuation distsece md ezc 160
hIt ofgetr u icf ui sha robe Is

SuRva110Orkmsaisow to *Restrc00 Ittor Im aisuft
rnoway TOM' -ss b.di"dto boding to noway wi~bshorter
imuseum diviim an do ma -ar , , so intersection distanc en
0Ittw ow imal meftWi* 160 do empair 11 i bor to" acrsft

hIt or p8m- simush amiing load on us way with longer
rulkb(2.5,6 md ' s o inesection disuwom -Ms
or 160 Itor grater aimuftaahin an

awinmy wM sh m shaterssboid to
wmiasm diusomend do not pair

80 khmalesi amftlboding with 160
ht o waso isaft ituin slasr

minab (2.w6
0 Retict100 koi a lssairciuft o 0 Romct90 borbasaircrfttso
noeway with dnmw msholed to noway wiih hAwter tkaesbold so
uosmveatia distianc; Sor ralm Is imeusecuiom daum m do " pair

1006 Wki onarcraft boeding an
mawwy wish ImmoW threshd w

ksmimdismas with 160 ka or
ptoumcraiaft trailing an wusiwy

________~dstace __________ _ mwrle Is OA)

17 2601 ft to 9701 s. to Restrict 120 hIt a Joss sirerdr to Tbe huger dsreshld-i-memectios
3400 It 12100ft suswuy with dIatherdou ld to distance emands to 1260 with "at I

.. -- st-'- disate. n uezp 30 ki ifimmId For dhis cumosded
or lss smiaic endemp 160 Itor distace, raes 2and 3fadl.butmkls 4
glieeram srf ak lq rublis (2.5 aid Scatbe waskamad:
or
*Restrict 110ktcr husivi s-o
traway with donsor dmmeshld so

kmaeuctiou distance.m esoqsr 160
kior gm sirc ; mfi robe aris
("A~

'orResurict 100 is or less aircraft to
mw-Iaywh arkbboardwahold ao,

imersuctio. disrate. end exmap 160
hk or gm~ aim NeW rule is

or
0 Restrict 120 5crhibais A to 0 Restict 10Itktor lss iabuft to

inoway with shut.dmsudw at noway websbonerm dijubod to
hierumim dismmo do mat par imeasido. diem= ene do ot pear
ID Inor hu ssamufthWeftwith 140 120 Itcr lesshuish aft ~dnon
ks or we"ahm. sa u~ft sailngmou moway widt losnger thrshod to
rob is(2.5,6 kwumuisc diaema wA 160 53 or
or pemo iuid tuuij an iomuy

with lwosan duesbold go inesction
dismacad doo pair ID hrt or less
aircral boding with 160 ]a or gramer
arorsft trailig, mragg robli a5A(.,)
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0 Resuig 110 bat Is"abiahuto * Restrict l0ktor Insaircraft t
mnoway with uha wior NgWl to noway with thowar *mbmhold to
kunectin dismm maw ds i imenicm dismmw mid do not pair
(316) 110Ict o . uakoaft Wedisgto

mwe" with longer thumhok to
mmimdiame. with 160 b or

rum~ eaemfi nub"in am noiway
wilk uhmW OffuslO to immruscum

Is 2601 ft to 12101 ft tw *Resict 120 kior ims Aivlto 1h Impa amhald-somui ao
3400 ft 13900 ft notway with dwoaur dusehld t dimam cmdo to 14100. For this

kameocic dimom nd do so pair ezanded diumate both roles cmt be
90kla or Ion abcauft lmin wit 160 wealaigi:
ktor Vm mr imu ft tlil m w 0 Resi 120 b orhaim rft to
tuk b(LW, ,noway with sane whuusAod to
or . ~umm do ampair

ID b or im auraifthadm~ngwid 160
hi of U siwiumcuah t uadil: sta..
tub Is (2.3A6

0 Reguict 10 km o ba hss at to 0 *uia10ba t I~kolessaicrdt o
nowmy withshodnmer threhold to uweway with dhwwe thrshod to
inuseuuaim dilUAXom AI ruhh imesaia diamace mid do uot par
PA6 110 kt or km abaemft hading on

wuay wihb long.r dumimtod to
i. .a disamue. with 160 #a or

3400 ft 17100ft unoway with sAorter thiahald to
Weenection diame ad exce 160
bi or p mem unmaft SOW v.1 b

20 3401 ft to Up to *Bqacep80ktor lasiaswfmd do Nose
4400ft 44M ft w pairm90 ttor kneab=aireaA.din

wtit 160 kte cc Vas aicaeft bhilleg:
as rule W (2JS)-
or
* Ezce 30 k: or mau macraft and
ecwo 160 kior Ifater aircraf
aqg WVale k (2,5)

orDo mo par 0 hb or bmr aircmft
hidin with 160 hi or 61 set 40hicd

or

21 3401 ft to 4401 ft to * Rasaict 110kb orb. mIss At to Dou longe dreeodt-sas
4400ft 5300 ft now y with ', me thrshodm to *sumce esareto 7400. For this

hasuastim diame md do act pair .sa~ed dismimis roes I d 2 ar
100 kie hrlo akcaft hs ~ with 160 am~h m mkl 3 fhiI. md Moner
k or prwaitnmft vuvai1, md ywuqms oale 4.5.6. and 7 a
eampin 90 kt or km. aibcmý s~W allied:
mub 25
or
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0 Excqi 90 kh or Ires iusuft ad do
at a 110 k or lea i acraft laming

widk 160 Iat pmamismnft mailing:
iqp. mis 15(2,5)
or

* Faaqe 90 ki or kensng aft in
muep lE h atgrpueater GkIm
Maw m. b (25)
ar
0 Remict90 lra u bm aani so 0 ea9 90 la or ns ancraf to
tnoway with dmm dm lwd to mway wi•h orater &rehold to

a m. m d ia nd do am Ipar m di6tasce and do am par
0kg or himakaft ding with 160 O0Dior hm aircrmftl• S adnwit 160

hi at Vamr R1a traiin Moor kbao prome aircraft tradling and do
rois b(23a pair I Wkt or Is aikc *loading

a mway wida loner tmhaldm o
mmse•t"d•ummu wh lWO0b or

pm aimh tr adin on runway
wih dWW trUuom l to asursm

Retrim WhI or I mdtw aRaabooRt ic or lawakcn to
mnway with ioe tlrembuod to moway with shAaer dehold to

umrsmaiom dimaina and do ant pair imemseaaa dimmc an do ama pinr
90 or has asicraft eiamlmgl with 160 ID 't W or •sm aircraftl aiing with 160
In or pr aicraft tailing usr hi or Vp1- aitctait wading and do
Mle is (2.S,) mt pair I00 kh or ls awtaft Weading
or al noway with WuWr threshold to

mmansia distmce wih 160 b or
5na' aircraft maling oa nway
wih dmAr tdiweold to ismection
dimm aqurerue• a is (M.A,

O lRmlct 80 la or les aircraftm O Restrict 80 bor lms aircraft to
rway with donar hwe ld to noway h shoutb trw hold to
musactio. diustm m rb rule itmerection distance and do not pair
(3,5) b or im airaftleading on
o" nmaw-y with onger dueshold to

inmmI' distnce with 160 it or
Im aircraft Wdling On runway
with sonar hsmahold to immection,

uiamce; M-n ruie 5(3,5)
S*Do = pairDki or basaircraf Rasri•t 0 Al orl• s "a si to

eading with 160 h ir rom. aircraft aenway with diastr dmmaold to
"N~ibsg~ s m l.r Min is5)uumu dimuceanda do not pair

90 kt or bs asircaft leading an
noSway wish long. tmsiold to
mmmuio dismot with 160 h or
Woman aicaft ailing o rutnway
with uhm tolmeshold to ismierction

22 3401 ft m 5101 ft to, Resc 100 b atbas aircraftto Sua aby extmsorton fbox 2
4400 ft 7400ft noaway wA6 sIns -adiud116

I , * Im ditance and sepami 90 hi
or ksm macraft adexcpr 160 hi or
pm. akcrd slw rub is(3,5
or
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* Restuict 100 hi or boa sistef to
noay. with Ohwner entahado to

ishavmcde. dislmme ml do not peir
ID kiorhlesai- P d, kedieswidk 160
hi or suraw abuf usift ~
'.1b IN O5)

o raticit 90 It or loseraal to
unoway wikthmIordu"hold to
inmuierea.o distnce mid dosor por
1WI00hor lossaitrmaft Wading with 160
kbar , om aircraft traings- ia
'.1b is 5,5)

'orReevict 90 hi or loss akimhl to
tinway with I I endow~al to
inesrction distncea own rue is
(3A)

SRestrict 80 hi or leas aikcrelt to
.mnway with iahatershmthado to
immerasecia distame sed do toa par
90 kt or loss aircrat Noting with 160
hi or $mator aircraft tmliag ta

23 3401 ft t 7401 ft o Resrict I 10 h r lessaircraftto 71w WWrhha~o.mew
4400 ft 9600 ft noeway webh Owner Ondohld to ditmmc szonde to 910. For this

imwaeainsc distanace mel examp 90 kt .ninsded dihstice. alliA wles t
or losssinsftanuzecept 160 Itor cetirnul. but mks 4 and 5cuanbe
ream mircafit; M~W ro3b (2,5) relaxed.

*rRestict 100 hi or loseirOka to
runway with sansir enmaado to
monevamtim ditmcs see exempt so ktt
at has aircaft and ecept 160 hi or

or Restrict 90 hi or kms aircar to
noaway with dsasterthwshol to
imseresatlon distfes Ml ecept 160
hi or grmmet sircralkt mw rk Is

SlRstrict 10IWIor bw akralk to 0 Restrict IW k atleuasaircrdto
runway with doater dusabuld wo noway with shanor thicahod to
immoseatio distanc and except 10 hId Woneumasa distnce sai exempt 10 la
or lssaircrft seda40sop Pak 10 or lssmurraft anddo amPair 110 kt
or les aircrat hakisg wMs 160 hi or aloss km ittesh todisg an runway with
Power avraaft tailing Ame rule lover '-res'old to intrsection
IS (23$ dismu with 160 hIt or greaer miaft
or an .conaway with I eto

Suisdo to immensaus distace
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0Restrict 90 bor uIsm;aboAt~o Restrict 90 bmor Issssircashto
maw"y with dmew threshold to tuwey wimh shone, hreahd to
bamenaio. dicmumm mo do not pair imsuureaui distance sod do not pair
I00 It or lwaivaish adin ht with 160 100 IrtorWas aircuaft badinsoan
bieor- gs aisraft snAaih Suaunway with longer threhod to
srub IN OA,4 susection distnes with 160 la or

Powr FFtrsailing -nouway
wiib shomw thresho to ineseuction

_______ ______ ________________ tmme dow role bi (3A4)
24 3401 ft to 9601 ft to 0 Restrict 120 lixor les hia to Mws longer wuashold-to-mmtrseaztio

4400 ft 12200 ft noaway with shone thrhold to &hmeos atmods to 12600. For this
imarseation disims mi exespt 90 hIr mmaudod &ames, mle I is confirmed,
or lss viash m exmpi 160Irhior rulss2mnd3 fadl. mi4 isconfirmed,
SMUMg Skraf Sa w lo Isug (2A5 mod mis 5 ao be weakasied:

or*Roit10lra t

noaway with show dwhibd to
iniouusaia. dintom except 80 kt
or ham mimesuft mod exemp 160 hi or
81 1 1 uivcmft. SBWW swm In (2.%P1

W0 Restrict 100 ki of has micahua to
inoway wit d~ae thrembold to
bmarsection dismo.e and excep 160
ki or grea aircraft sbume ide in

0 Ruestrc 120 bi or less abashol to
mm"wa w"s shase fthrusho to
intersection distace ad excep 10 k
or Was siataft addo amt pair 90 hi or
Ion aircraft hmdss wilh 160 Is or
giaso auireft trailing; ames wrul

orRustrict 110 ki atIn aauh to *Rauestrc 00 hior lssaircraft to
noway wish aoner thresold to nowawy wish shorter thresod to
kemasaica distance ad do net pair imhensaton disances mod do not peair
U0 Irtor lssaircraft Wading with 160 110 hior Wasaircraftleadingon
is or grmer aircraft trailing some noaway with longer threshod to
sub bi (3$) aaemdiusmoes with 160 hi or

awaahrtradtsiing on noway
wbbabo dnsarlusol to izntesectiou
thamemmu do mat pair 30 hi or less
aircraf Wading wMs 160 bi or greaser

_______ _______ __________________ iscraft uEftlsa Namor Tule bs($

25 3401 ft to 12201 ft to 0 Rustuict 120 hi or has abaeshl to Mms hW uger barin ol-irmassgction
4400ft 1390 ft noaway wis ahuso thresold to ditance eziasds to 171000. For ti

. .Is-maFsisnthmeg ami uexp 30 hIr Vansdw distames. rols 1 is
or has airrft and Cqap 60 bor confimwCsmad nmdr2 amd3 need to

jiw ircsuft~ @NNW nuIs hiJ (2.,6 isumsghumed:
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49Restrct1 I t orlmsicdw*sral less aircraft to 0Rsrc 1 t rIsaaht
iia~y wAs shosa threshol 10 ruway with abdetr threshod to
kneseaaction disusi mid do ri pair isaneatiosa distsoceand do not pair
ID kt or less aircrft ading with 160 U0suIrt r Wsabashading width60
ka or greatr abrcash uilhg; slow ki ar gr~am aircraft tradling sed do
rulmhIs(3A) so pair12Dkt or lossaircraft leading
or a mwwy with longe theshold to

Wereti distare with 160 hi or
V~ aircraft Unln an sneway
wA siomrantluuahold to itmanection
4mm;w to irs fIs h (3,6)

0 Ratrictlll k or Wasabashgtro Rustrict 110It.at Ins aircraft to
memway with1- o - r threibold to seaway with sheeter threshold to
horumoia distas Mid moent pair distance dimes l do nm pair
110 ktor imsimirethWadingwhit 140 80 kt rbasaircraft Weading with 160
bi of Is - ,IUvt sho a w ks ar prw airshcraftiling ml do
Mk b OA.6 not pair 120 hicr Ws aba shcrtWading

cm seaway with longe theshold to
interecion diswsm with 160 hi or
grosse abrcash smiling ocm eway
with thosu thasbold to' u arene

_______ _______distnes: gin rale Is CA.i
26 3401 ft to 13901 ft to O Restrct 110 borlWssaircraft o Superseded by revised bex 25

4400 ft 17300 ft earway with sheetar threshold to
istmnsectiem distne sool ua-pt 160

27 4401 ft w Uptoe Exzcept90 kior lessarcraft inldo Alul Me comfirvned. Rule I conbe
5700 t 5700 ft not pair 110 hi t lreio aircraft leading wealshed:

with 160 kt or greater aiscraft trailing; 0 Except 90 Irt oless aircraft aol do
Atwarrouleh(2,5) ntpair 1010 itt or Ion aircash leading

atwish 160 kIror presser aircraft tmiling;

* Bicqet 90 kit or Was aircraft eatMlI I

excep 160 bi or Snw aberaf;r
abwerl ki, n(2M5

*sEcp 80q~ It~ or les shaviaft ml do
Mo pair90 hI t ofas" waiscah leading

with 160 hi or pmaine abrcash trailbWg
-qa MIN hIs (2.5,5

orDo net pai 80 ht or as aircaf
seadhig with 160 h orSmear aircraft

23 44Olftsto S701 ftto *HEamp 80 b or Was imah anddo None
5700 ft 6500ft wtuor 90 ki or uasicraftWeading

with 160 hi t or rete aicraft trailing;

*rRW Re 0 ist lor Wtas aibcash to
seaway with sheete thueshol to
inserseadiom distance ml do net pair
80 it wt les aircraft Weading wish l1d0
htori, -e pitircraft tsifgt e
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29 4401 ft to 6501 ft to 0 E•cept 80 t oft less aircr and do No extension of the longer threshold.
5700 ft 7200 ft mo pair 100 kt or less aircraft leading to-inurection dimnm found.

with 160 kh or pasme aircraft itriling;
SqSoW role is (2-SS)
or
* Restrict 80 b or lessn aibrcft to
runway with shd a dumdsd to
inarsection dimmce mmd do nm pair
90 kt orWs aircraft leading with 160
Ib or greset aiacaft tmiligq: sI ar

_______ ru~le Is (3,S) _ _ _ _ _ _ _ _ _ _

30 4401 ft to 7201 ft to O Resrict 10 ki or eIs aicr-aft to No eztenion of the longer t khtld-
50ft 12100 ft rnway with shote thresmhold to to-imseaction distance found.

inbAnmctio distmsw ad excep 90 kt
or less muaft md esxcepS 160 a or

Palmer siw St mdew rob In(2.2,5)
or
0 Restrict 10 b or les aincrt to
mewy with stm thWrhold to
iOeCectiom dim. ---d except 160
ki or grMe aircrd-s maraM rile is

or
* Restrict 120 it or ens aircraft to
hunway wi•h sine threshold to
ineasection distsnce and except 80 kt
or less aircraft mand do not pair 100 kt
of les acraft leading with 160 kh or

pams ainrft traing MNNW rule
Is (2.5,6)
or

0 Restrict 100 ki or les ai•aft to
wmiy with shorter threshold to

iawrsection distance ms do nm pair
110 kt orlWas atetuft with 160 b or
mrsEm ajrcrmit sbw rale Is OA61 _____ ______

31 4401 ftto 12101 ftto * Restrict 110 ki or leWasi " atto No extesion of the longer threshold-
5700 ft 13800 ft runway with dasho threshold to to-intersection distnce found.

inieru•eio. dismame sd except 90 kt
or less aircraft ad except 160 It or
greater aarmmcft Aw rle is •(.5•)

O Restrict 110 lt or Wssaircraft to
maway with dmhomsrmhshold so
ibomctio. distance id do not pmi
90 kt or Wess aircraft lsAudng with 160
Its or greaw aircraf~t watrae and

ODcq 30 or Wass sircraft; sow
I____ Va____ rle Is OA6 ____________

32 4401 ft to 13101 ft to S Resrict 110 hi or Wss aircft to Tlbm longer thshld-to-unrcron
50ft 17800 ft smway wit dms t l* d to dismie extends to 13000 with rule

museuMo, distance md except 30 hi confirmed.
or les airraft =d except 160 ki of
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33 5701 ato Up to * ExceiID ki or lssmsodt od o Nowe
64W ft 6400ft fm Poor Wb of lowakimh boa

wA 160 kt or mm Awaif

Emp ID b or2.5abo5)

34 5701 ft t 6401 ft 0 *ROAiNi90 wwh bothina Ne eininm Q( dolnetiseheM
6400 ft 6900ft mw"nu wish 0 to touum Am.w foam

w I in h bad" 3o10 b o

orReetim 90 be,4b kbm*i
woolm wMI h SIirOsido fa

w laM Rsa IO rub Is (3A5

* DOams -9oloka e ft
WUMi MMs 160 bet w pm sl

55 701 As.t 6901 ft to 0 Ramim 100b la e w Im ',A . laaw roisdmal6-w-mcnam
6400 ft 10300 ft 'mey whish,- dmweshgld di me= GenmdS to 1110 IW V all

ýMiwam *AMNm. tim 90 gob tubs mf Rok 3 am be
of lea sma mw c ezp 160 betr wsomkm:
pmmwaruAm~t SWm tb b (2.,5

W Reemain90 b et kme aed 10
iwuy wMI --ese thrsold to

or lam uhul anucam 160 beto

,wuy s" A iesrmhd do 0e1 1 9D b at le srsh slero ninwm
km..... wm.. m do so por YA do shumrdu g~ sD imomcwa

90 k9 w uem 6 boiqwi* 160 Avom toddo not pir IWktobr lot
be of Irlo olA usib" m I ftd hb5fga now" wft lmaq
eamp I0 be aee ** 10'l to mi is mas Irm

1ub3$ 60 kt o p.s.um ftwkg an
now"s vft buhwld to

36 5701 Ate 10301 ft s ORmesid Il0bel... M, to No eummrnf do Impttfrshol
6400ft 12100fi mwq' wM dw -eurh~~ ao t. im Acese di fo

etediffnow metacp 9 kibt

pum -bf mow rub is(2.S,
or



Restrit I oflssi abasto
naWay With SIMIaS' alsad 10
klmancamia dimesd do 8z 0 kt
oIr simuft Ima examp 160e ki or

I aircraft Ma n ir le i3,5)

* Restrict 12g0 h at hass i" to
tmay wih dn" thhold to
ieftsasi dimue m do so pir
10 hi of was abaesh imai Wish 160
lt at pum ashm muike md
"eNop 90 Ict ofa sicaft* SMW
rob is (256)

710 Rmsu I 0 ki or lots w ash w-
a- may with dww thmaood to
iuerctiom dimm mind do no par
go•kg crr haba bexept wish 160
hi or giusmi abash usilm n
aicow 80 la or less aiicn* iauma

37 5701 ftto 12101 ftto OR iesi 110kh atires abash t Th c 1a " duahd-to-meain c
6400 ft 13800 ft s amcy with dacw thmrshold to 4ommui exten to 14100 with both

untrsectio dimm o =6 CLO 90 pt nlsa conned. Rue 2cm be
or less imu•th m diexcep 16 0 b of weakened:
wto gawk,ct Mew role Is (2.5$

Is0Resra 1u i atlothis mbvcfdto *Rjesrics 100 kior luaircraft to
nway with dhueft tuhhold to runway wsth shiorer threshold to

intersection diut. m do not Pair .distace on diosta mi do nt pair
90ktorlessaircaftladingil1 110 kor leust aiha6ft leadin
is or gsalm SMairr umuibg mi rusuway wish looger thiaiscd to
ucq S 0 o lesssaia g r iwms ciaceWil wth10 ki or
Milk" (Vas)ar aralft strili an cu way

8 dmtO 1heos ar duwabold o section
sisummc mi do act pai 90 bceo less
aaishwf leading with 160 ki orgrew"t
asauft traiing md emcqr 60 k or

______baa sireuft; stp ula I C(A)
3835701 ft to 13801 ftto ORestrict 110b at Ws saisraftto lb. losu pthmmhold-to-bitersaxio

6400 ft 17100 ft umway with doumster duebod to diAs exumds to 18100.
hawsnmmg dmaes amd exompq 0 kt
or liess siuft mui exept 160 b or
a Ire airrft; m" rule bi (3W6)

6401 fto Upto Excpt 90 kiho ls mftmd AiH ndeacofmumd-
U t 30ft susqflp 10t •- orgSswiakmft

shw rub Is (2.5,5

* Hxalpt 80 kbo loa simmft md
exept 160 ht or grammars•ush

O Do so pair 110 kt or ku arcraft
beeng with 160 bke aptew abasht
uilbing md exmpt 90 kt o us
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0:3 Do -apar90hzt or bar aircraf
bosom i* 160 Itt or p - aircrft ~ b ogrtzi~--~nc

bwailing andexaur8 Itt~~ arba
amuok- gam Vvy wIM 90h

40 "Ol ftw MI fto 0 Rondo 100 t orm bas skeof tor Mnk~ lewi-atre

WUnm dm shosesc and Uii. 90 It , .an3 onin.Rle3)st

0 Resrict 90 bherbar abriftv to
uwory with *.IW ~aOWW1d t
lwonsaa.o distanc an awip 10 hIr
orb ha i lul d wmp 160bkev

uMWaY Wish *AastarIMIuuho 10 noway wish *Awtau thisbihd 10
mawncmn distance an do mm per Wrsoctim disotor an do not pair

110Iht or his aircrft loudh with 160 10Itkior lows aircrsft liming witb 160
ýa or graine aitcraft boailing an hi or waste aiisunft boiling and do
acept90ki or las ak lmk oW w pair I 3 1~ktor Im aiswraft leadtin

sub is (2.5,6) onnsaway with longer thnamod to
if nmrseaim distacewith 160 laor

urve airauft wailing -. tway
with thone thrshold to -.iam an
disame maw rub, is (2.5,6)

* Restict 90 k or Was aiecauft to
runway web Ah shout.thshl to
uiroasecon distamc an do aom pair
lO kior In itabraft hoding with 160
kt or spooe aiscisaft boiing sw
excp ID0r ore his aicsuuft; -N

_________ rob bs (3A6 ____________

41 6401 ft o ff701 ftto 10Do no pair 110 b or k aircrauft 71s hmthew hoe d-wite-.atoucton
SSOft llOft bosmin with 160 IrzorgmeowSruvcrt diastunce uzasdto 11300. Rule can

boiling an nezp 90 kIevc liii be wadmood:
ourcrvd.- aqw In8 (3A6) 0 Do nam pair 100hzi or less aircnfz

lending widt 160 kt or gressaeraircraft
amilli an do not pair 110 ht or less
aircsaft loiming an runway wieth longe
dou'goJ to bosamcsim distum wMt
160 It or pesor aircraft mWaing an

42 6401 ft to I11101 ft to 0 Riiuict 100 hera leas vitaco to TMlon hger dmre"hodWs-intessaent
flOG ft 14M0 ft mEwsy With dguwthrashold to disames examods to 1430(L

43 6401 ft 1* 14001 ft to 0 hriklO b 1 erho. ',Aie so Mb. huge tslidold-wto-mweacion
8330ft 17700 ft mwavy wish dsmwer uudgadw dimsstemdsaw&to 13100.

hismoretiom dshamans and wip 90hzt
at his aircaft and wimp 160 ht or
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44 8301 ft to Up to 0 Eacmpt 90 b aof linm h i mdo* *mmoad-w-i
1(300 ft 1(100 f " ca 160 be or 1wM ai&book-; dim * iwa so I 1100 with miec

robu Is h3) mAmO

0 Do no pair 110 lbor im asinl
Iaftilk 160 b of pomr aircraf

aillkg i amp 90 bI or lIe
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GLOSSARY

AGL Above Ground Level
ARTS IlIA Automated Radar Terminal System Model hA
ATC Air Traffic Control

CRDA Converging Runway Display Aid

D-BRITE Digital Bright Radar Indicator Tower (Terminal) Equipment
DCIA Dependent Converging Instrument Approach

FAA Federal Aviation Administration
FMS Flight Management System

JLS Instrument Landing System
IMC Instrument Meteorological Conditions

MLS Microwave Landing System

RNAV Area Navigation

SCIA Simultaneous Converging Instrument Approaches

TATCA Terminal ATC Automation
TCAS Traffic Alert and Collision Avoidance Systeni
TRACON Terminal Radar Approach Control Facility

VMC Visual Meteorological Conditions
VOR Very High Frequency Omnidirectional Range
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